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SYSTEMIS AND METHODS FOR 
ACTIVATING TRANSDUCERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 13/792,781, filed on Mar. 11, 2013, which 
claims the benefit of each of U.S. Provisional Application 
No. 61/649,734, filed May 21, 2012; U.S. Provisional Appli 
cation No. 61/670,881, filed Jul. 12, 2012; and U.S. Provi 
sional Application No. 61/723,311, filed Nov. 6, 2012. The 
entire disclosure of each of the applications cited in this 
paragraph is hereby incorporated herein by reference. 

TECHNICAL FIELD 

Aspects of this disclosure generally are related to systems 
and methods for activating transducers, such systems and 
methods applicable to, among other things, medical systems. 

BACKGROUND 

Cardiac Surgery was initially undertaken using highly 
invasive open procedures. A sternotomy, which is a type of 
incision in the center of the chest that separates the Sternum 
was typically employed to allow access to the heart. In the 
past several decades, more and more cardiac operations are 
performed using intravascular or percutaneous techniques, 
where access to inner organs or other tissue is gained via a 
catheter. 

Intravascular or percutaneous surgeries benefit patients by 
reducing Surgery risk, complications and recovery time. 
However, the use of intravascular or percutaneous technolo 
gies also raises some particular challenges. Medical devices 
used in intravascular or percutaneous Surgery need to be 
deployed via catheter systems which significantly increase 
the complexity of the device structure. As well, doctors do 
not have direct visual contact with the medical devices once 
the devices are positioned within the body. 
One example of where intravascular or percutaneous 

medical techniques have been employed is in the treatment 
of a heart disorder called atrial fibrillation. Atrial fibrillation 
is a disorder in which spurious electrical signals cause an 
irregular heartbeat. Atrial fibrillation has been treated with 
open heart methods using a technique known as the “Cox 
Maze procedure'. During this procedure, physicians create 
specific patterns of lesions in the left and right atria to block 
various paths taken by the spurious electrical signals. Such 
lesions were originally created using incisions, but are now 
typically created by ablating the tissue with various tech 
niques including radio-frequency (RF) energy, microwave 
energy, laser energy and cryogenic techniques. The proce 
dure is performed with a high success rate under the direct 
vision that is provided in open procedures, but is relatively 
complex to perform intravascularly or percutaneously 
because of the difficulty in creating the lesions in the correct 
locations. Various problems, potentially leading to severe 
adverse results, may occur if the lesions are placed incor 
rectly. It is particularly important to know the position of the 
various transducers which will be creating the lesions rela 
tive to cardiac features such as the pulmonary veins and 
mitral valve. The continuity, transmurality and placement of 
the lesion patterns that are formed can impact the ability to 
block paths taken within the heart by spurious electrical 
signals. Other requirements for various ones of the trans 
ducers to perform additional functions such as, but not 
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2 
limited to, mapping various anatomical features, mapping 
electrophysiological activity, sensing tissue characteristics 
Such as impedance and temperature and tissue stimulation 
can also complicate the operation of the employed medical 
device. 

In this regard, there is a need for intra-bodily-cavity 
transducer-based devices with improved performance and 
reduced complexity as compared to conventional devices. 

SUMMARY 

At least the above-discussed need is addressed and tech 
nical solutions are achieved by various embodiments of the 
present invention. In some embodiments, device systems 
and methods executed by Such systems exhibit enhanced 
capabilities for the activation of various transducers, which 
may be located within a bodily cavity, Such as an intra 
cardiac cavity. In some embodiments, the systems or a 
portion thereof may be percutaneously or intravascularly 
delivered to position the various transducers within the 
bodily cavity. Various ones of the transducers may be 
activated to distinguish tissue from blood and may be used 
to deliver positional information of the device relative to 
various anatomical features in the bodily cavity, such as the 
pulmonary veins and mitral valve in an atrium. Various ones 
of the transducers may employ characteristics such as blood 
flow detection, impedance change detection or deflection 
force detection to discriminate between blood and tissue. 
Various ones of the transducers may be used to treat tissue 
within a bodily cavity. Treatment may include tissue ablation 
by way of non-limiting example. Various ones of the trans 
ducers may be used to stimulate tissue within the bodily 
cavity. Stimulation can include pacing by way of non 
limiting example. Other advantages will become apparent 
from the teaching herein to those of skill in the art. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The program 
includes reception instructions configured to cause reception 
from the input-output device system of a first sequence of 
transducer sets selected from a plurality of transducers of a 
catheter device. The plurality of transducers are arranged in 
a distribution, and the plurality of transducers are position 
able in a bodily cavity. The transducer sets in the first 
sequence form a group of transducer sets, each of the 
transducer sets in the group including at least one of the 
plurality of transducers. The program includes generation 
instructions configured to, in response to receiving at least 
part of the first sequence, cause generation of a second 
sequence of transducer sets based at least on an analysis of 
the transducer sets in the group. The second sequence is 
different than the first sequence, and the transducer sets in 
the second sequence include transducers in the group. The 
program includes activation instructions configured to cause 
sequential activation, initiated during or after completion of 
the generation of the second sequence according to the 
generation instructions, of the transducer sets in the second 
sequence according to the second sequence. The activation 
instructions are further configured to cause activation of at 
least one transducer in each of the sequentially activated 
transducer sets. 
The input-output device system may include the catheter 

device and the memory device system may store information 
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associated with a respective activation time interval for each 
of at least two of the transducers included in the transducer 
sets in the group, the respective activation time intervals 
having different durations. The analysis may include an 
analysis of each of the respective activation time intervals, 
and the activation instructions may be further configured to 
cause activation of each of the at least two of the transducers 
for the duration of the respective activation time interval. 
The input-output device system may include an energy 
Source device system connected to each transducer in each 
of the at least two transducers, and the activation of the at 
least two of the transducers may include causing a delivery 
of energy from the energy source device system to each of 
the at least two transducers for the duration of the respective 
activation time interval. The respective activation time inter 
Val associated with each of the at least two transducers may 
be a default time interval. 

The input-output device system may include the catheter 
device and the analysis may include an analysis of a spatial 
relationship between a first transducer in a first one of the 
transducer sets in the group and a second transducer in a 
second one of the transducer sets in the group. The input 
output device system may include a plurality of energy 
Source devices, each of the plurality of energy source 
devices arranged to selectively provide energy to each of at 
least Some but not all of the transducers in the group, the 
plurality of energy source devices numbering fewer than the 
plurality of transducers, and the analysis may include an 
analysis of a connection arrangement between each of at 
least Some of the transducer sets in the group and the 
plurality of energy source devices. 
The input-output device system may include the catheter 

device and each of the transducers in the group may include 
an electrode having an energy transmission Surface, each 
energy transmission Surface having a corresponding size. 
The corresponding sizes of at least two of the electrodes may 
have a difference in magnitude, and the analysis may include 
an analysis of the difference in magnitude between the 
respective corresponding sizes of the at least two of the 
electrodes. The size of each energy transmission Surface 
may be a surface area size of an exposed conductive portion 
of the corresponding energy transmission Surface. 
The input-output device system may include the catheter 

device and each of at least two of the transducer sets in the 
group may include a respective pair of adjacent ones of the 
transducers in the distribution, the transducers in each pair 
of adjacent ones of the transducers in the distribution spaced 
with respect to one another by a respective transducer-to 
transducer distance. The respective transducer-to-transducer 
distances associated with the at least two of the transducer 
sets in the group may have a difference or differences in 
magnitude, and the analysis may include an analysis of the 
difference or at least one of the differences in magnitude 
between the respective transducer-to-transducer distances 
associated with the least two of the transducer sets in the 
group. 
The input-output device system may include the catheter 

device. Each of at least some of the transducer sets in the 
group may include a respective pair of adjacent ones of the 
transducers in the distribution, and the analysis may include 
an analysis of whether a region of space not including any 
transducer and not associated with any physical part of the 
catheter device is present or absent between the respective 
pair of adjacent ones of transducers of each of the at least 
Some of the transducer sets in the group. The catheter device 
may include a plurality of elongate members, each elongate 
member of the plurality of elongate members including a 
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proximal end, a distal end and an intermediate portion 
positioned between the proximal and distal ends. The struc 
ture may be selectively moveable between a delivery con 
figuration in which the structure is sized to be percutane 
ously delivered to the bodily cavity and a deployed 
configuration in which the structure has a size too large to be 
percutaneously delivered to the bodily cavity. Each of at 
least some of the transducer sets in the group may include a 
respective pair of adjacent ones of the transducers in the 
distribution, and the analysis may include an analysis of 
whether the transducers of the respective pair of adjacent 
ones of transducers of each of the at least some of the 
transducer sets in the group are located on a same elongate 
member of the plurality of elongate members or on different 
elongate members of the plurality of elongate members. 
The input-output device system may include the catheter 

device, and each of at least two of the transducer sets in the 
group may include a respective pair of adjacent ones of the 
transducers in the distribution. The analysis may include an 
analysis of whether each of the respective pairs of adjacent 
ones of transducers of the at least two of the transducer sets 
in the group has a same transducer as another of the 
respective pairs of adjacent ones of transducers of the at least 
two of the transducer sets in the group. 

Each of at least Some of the transducer sets in the group 
may include at least two transducers in the plurality of 
transducers of the catheter device. Each of the at least some 
of the transducer sets in the group may include at least one 
transducer different than each of the other transducer sets in 
the group. Each of at least Some of the transducer sets in the 
group may include a respective pair of adjacent ones of the 
transducers in the distribution. The respective pair of adja 
cent ones of the transducers of each of the at least some of 
the transducer sets in the group may have a same transducer 
as the respective pair of adjacent ones of the transducers of 
another of the at least some of the transducer sets in the 
group. At least a first transducer set in the group may have 
a same transducer as a second transducer set in the group. 
The input-output device system may include the catheter 

device and an energy source device system. The sequential 
activation may include causing a delivery of energy from the 
energy source device system to transducers in the second 
sequence, the energy Sufficient to cause ablation of tissue in 
the bodily cavity. The energy may be sufficient to cause 
bipolar ablation of at least a portion of the tissue in the 
bodily cavity. 
The input-output device system may include the catheter 

device, an energy source device system and a sensing device 
system. The sequential activation may include causing a 
delivery of energy from the energy source device system to 
transducers in the second sequence. The sensing device 
system may be configured to sense at least one tissue 
electrical characteristic at respective one or more locations 
at least proximate each of the transducers in the second 
sequence that receive energy from the energy source device 
system according to the activation instructions. 
The input-output device system may include the catheter 

device and the bodily cavity may be an intra-cardiac cavity. 
The sequential activation may include causing a generation 
of a respective set of one or more electrograms for each 
transducer set in the second sequence. The catheter device 
may include a structure that includes a plurality of elongate 
members, each elongate member of the plurality of elongate 
members including a proximal end, a distal end and an 
intermediate portion positioned between the proximal and 
distal ends. The structure may be selectively moveable 
between a delivery configuration in which the structure is 
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sized to be percutaneously delivered to the bodily cavity and 
a deployed configuration in which the structure has a size too 
large to be percutaneously delivered to the bodily cavity, the 
plurality of transducers located on at least some of the 
plurality of elongate members. At least a first one of the 
transducer sets in the group may include a pair of adjacent 
ones of the transducers in the distribution located on a same 
elongate member of the at least some of the plurality of 
elongate members, and at least a second one of the sets of 
the group of transducer sets may include a pair of adjacent 
ones of the transducers in the distribution located on differ 
ent elongate members of the at least some of the plurality of 
elongate members. The respective intermediate portion of 
each elongate member of the plurality of elongate members 
may include a thickness, a front Surface and a back Surface 
opposite across the thickness from the front Surface, and the 
respective intermediate portions of the plurality of elongate 
members may be arranged front Surface-toward-back Sur 
face in a stacked array when the structure is in the delivery 
configuration. The structure may include a proximal portion 
and a distal portion, each of the proximal and the distal 
portions including a respective part of each of the plurality 
of elongate members, the proximal portion of the structure 
forming a first domed shape and the distal portion of the 
structure forming a second domed shape when the structure 
is in the deployed configuration. 
The input-output device system may include the catheter 

device, the catheter device including a structure that includes 
a proximal portion and a distal portion. The structure may be 
selectively moveable between a delivery configuration in 
which the structure is sized for percutaneous delivery to the 
bodily cavity, the structure arranged to be advanced distal 
portion first into the bodily cavity, and a deployed configu 
ration in which the structure is sized too large to be delivered 
percutaneously to the bodily cavity. The proximal portion of 
the structure may form a first domed shape and the distal 
portion of the structure may form a second domed shape 
when the structure is in the deployed configuration, the 
proximal and the distal portions of the structure arranged in 
a clam shell configuration when the structure is in the 
deployed configuration. 
The input-output device system may include the catheter 

device and each transducer in the plurality of transducers of 
the catheter device may be spaced apart from each of the 
other transducers in the distribution. 
The transducer sets in the second sequence may include 

all of the transducers in the transducer sets in the group. The 
transducer sets in the second sequence may collectively 
include only transducers in the group of transducer sets. The 
transducer sets in the second sequence may be the transducer 
sets in the group, but in a different order. The first sequence 
may indicate at least (a) a selection of a first transducer in a 
first transducer set in the group followed by a selection of 
second and third transducers in a second transducer set in the 
group, (b) a selection of fourth and fifth transducers in a third 
transducer set in the group followed by a selection of a sixth 
transducer in a fourth transducer set in the group, or both (a) 
and (b). 
The second sequence may indicate at least (a) an order of 

activation of a first transducer in a first transducer set in the 
second sequence followed by activation of second and third 
transducers in a second transducer set in the second 
sequence, (b) an order of activation of fourth and fifth 
transducers in a third transducer set in the second sequence 
followed by activation of a sixth transducer in a fourth 
transducer set in the second sequence, or both (a) and (b). 
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6 
The program may further include display instructions 

configured to cause the input-output device system to dis 
play a graphical representation of at least a portion of the 
catheter device. The graphical representation may include a 
first transducer graphical element, a second transducer 
graphical element, and a between graphical element, the first 
transducer graphical element associated with a first trans 
ducer of the plurality of transducers of the catheter device, 
the second transducer graphical element associated with a 
second transducer of the plurality of transducers of the 
catheter device different than and spaced apart from the first 
transducer, and the between graphical element associated 
with a region of space between the first transducer and the 
second transducer, the region of space not including any 
transducer. The first sequence may indicate at least a selec 
tion of (a) the first transducer graphical element, (b) the 
second transducer graphical element, (c) the between 
graphical element, or a combination or Subcombination of 
(a), (b), and (c) as at least part of the selecting of the 
transducer sets in the group. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The data pro 
cessing device system is configured by the program at least 
to receive from the input-output device system a first 
sequence of transducer sets selected from a plurality of 
transducers of a catheter device, the plurality of transducers 
arranged in a distribution, the plurality of transducers posi 
tionable in a bodily cavity, the transducer sets in the first 
sequence forming a group of transducer sets, each of the 
transducer sets in the group including at least one of the 
plurality of transducers. The data processing device system 
is configured by the program at least to generate, in response 
to receiving at least part of the first sequence, a second 
sequence of transducer sets based at least on an analysis of 
the transducer sets in the group, the second sequence dif 
ferent than the first sequence, and the transducer sets in the 
second sequence including transducers in the group. The 
data processing device system is configured by the program 
at least to cause sequential activation, initiated during or 
after completion of the generation of the second sequence, 
of the transducer sets in the second sequence according to 
the second sequence, and cause activation of at least one 
transducer in each of the sequentially activated transducer 
SetS. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
tively connected to the data processing device system, the 
data processing device system further communicatively con 
nected to an input-output device system. The method may be 
Summarized as including receiving from the input-output 
device system a first sequence of transducer sets selected 
from a plurality of transducers of a catheter device, the 
plurality of transducers arranged in a distribution, the plu 
rality of transducers positionable in a bodily cavity. The 
transducer sets in the first sequence form a group of trans 
ducer sets, each of the transducer sets in the group including 
at least one of the plurality of transducers. The method 
includes generating, in response to receiving at least part of 
the first sequence, a second sequence of transducer sets 



US 9,439,713 B2 
7 

based at least on an analysis of the transducer sets in the 
group, the second sequence different than the first sequence, 
and the transducer sets in the second sequence including 
transducers in the group. The method includes causing 
sequential activation, initiated during or after completion of 
the generation of the second sequence, of the transducer sets 
in the second sequence according to the second sequence, 
and causing activation of at least one transducer in each of 
the sequentially activated transducer sets. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program includes a recep 
tion module configured to cause reception from the input 
output device system of a first sequence of transducer sets 
selected from a plurality of transducers of a catheter device. 
The plurality of transducers are arranged in a distribution, 
and the plurality of transducers are positionable in a bodily 
cavity. The transducer sets in the first sequence form a group 
of transducer sets, each of the transducer sets in the group 
including at least one of the plurality of transducers. The 
program includes a generation module configured to, in 
response to receiving at least part of the first sequence, cause 
generation of a second sequence of transducer sets based at 
least on an analysis of the transducer sets in the group, the 
second sequence different than the first sequence, and the 
transducer sets in the second sequence including transducers 
in the group. The program includes an activation module 
configured to cause sequential activation, initiated during or 
after completion of the generation of the second sequence 
according to the generation instructions, of the transducer 
sets in the second sequence according to the second 
sequence, the activation module further configured to cause 
activation of at least one transducer in each of the sequen 
tially activated transducer sets. In some embodiments, the 
computer-readable storage medium system is a non-transi 
tory computer-readable storage medium system including 
one or more non-transitory computer-readable storage medi 
ums storing the program. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The program 
includes reception instructions configured to cause reception 
of a selection from the input-output device system of an 
ablation path along which tissue of a bodily cavity is to be 
ablated by transducers of a catheter device, the selection 
including an indication of a first order of transducer sets 
along the selected ablation path, and each of the transducer 
sets in the first order including at least one of the transducers 
of the catheter device. The program includes generation 
instructions configured to, in response to receiving at least 
part of the selection, cause generation of a second order of 
transducer sets different than the first order based at least on 
an analysis of the transducer sets in the first order, the 
transducer sets in the second order including transducers in 
the first order. The program includes activation instructions 
configured to cause ablation, initiated during or after 
completion of the generation of the second order according 
to the generation instructions, of the selected ablation path 
at least by ablation-activating transducers in the second 
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8 
order according to the second order with at least two of the 
ablation-activating transducers in the second order activated 
sequentially. 
Two or more of the transducer sets in the first order may 

be sequentially selected. Each of at least some of the 
transducer sets in the first order may include two or more of 
the transducers of the catheter device. Each of the at least 
some of the transducer sets in the first order may include at 
least one different transducer than each of the other trans 
ducer sets in the first order. 
The input-output device system may include the catheter 

device. The transducers of the catheter device may be 
arranged in a distribution and each of at least some of the 
transducer sets in the first order may include a respective 
pair of adjacent ones of the transducers in the distribution. 
The respective pair of adjacent ones of the transducers of 
each of the at least some of the transducer sets in the first 
order may have a same transducer as the respective pair of 
adjacent ones of the transducers of another of the at least 
some of the transducer sets in the first order. 
The transducer sets in the second order may include all of 

the transducers in the transducer sets in the first order. The 
transducer sets in the second order may collectively include 
only transducers in the first order. The ablation-activating 
transducers in the second order may not include any trans 
ducers not present in the first order. The ablation-activating 
transducers in the second order may include all of the 
transducers in the first order. 
The program may further include display instructions 

configured to cause the input-output device system to dis 
play a graphical representation of at least a portion of the 
catheter device. The graphical representation may include a 
first transducer graphical element, a second transducer 
graphical element, and a between graphical element, the first 
transducer graphical element associated with a first trans 
ducer of the plurality of transducers of the catheter device, 
the second transducer graphical element associated with a 
second transducer of the plurality of transducers of the 
catheter device different than and spaced apart from the first 
transducer, and the between graphical element associated 
with a region of space between the first transducer and the 
second transducer, the region of space not including any 
transducer. The selection may indicate at least a selection of 
(a) the first transducer graphical element, (b) the second 
transducer graphical element, (c) the between graphical 
element, or a combination or sub-combination of (a), (b). 
and (c) as at least part of the selecting of the transducer sets 
in the first order. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The data pro 
cessing device system is configured by the program at least 
to receive a selection from the input-output device system of 
an ablation path along which tissue of a bodily cavity is to 
be ablated by transducers of a catheter device, the selection 
including an indication of a first order of transducer sets 
along the selected ablation path, and each of the transducer 
sets in the first order including at least one of the transducers 
of the catheter device. The data processing device system is 
configured by the program at least to generate, in response 
to receiving at least part of the selection, a second order of 
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transducer sets different than the first order based at least on 
an analysis of the transducer sets in the first order, the 
transducer sets in the second order including transducers in 
the first order. The data processing device system is config 
ured by the program at least to cause ablation, initiated 
during or after completion of the generation of the second 
order, of the selected ablation path at least by ablation 
activating transducers in the second order according to the 
second order with at least two of the ablation-activating 
transducers in the second order activated sequentially. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
tively connected to the data processing device system, the 
data processing device system further communicatively con 
nected to an input-output device system. The method may be 
Summarized as including receiving a selection from the 
input-output device system of an ablation path along which 
tissue of a bodily cavity is to be ablated by transducers of a 
catheter device, the selection including an indication of a 
first order of transducer sets along the selected ablation path, 
and each of the transducer sets in the first order including at 
least one of the transducers of the catheter device. The 
method includes generating, in response to receiving at least 
part of the selection, a second order of transducer sets 
different than the first order based at least on an analysis of 
the transducer sets in the first order, the transducer sets in the 
second order including transducers in the first order. The 
method includes causing ablation, initiated during or after 
completion of the generation of the second order, of the 
selected ablation path at least by ablation-activating trans 
ducers in the second order according to the second order 
with at least two of the ablation-activating transducers in the 
second order activated sequentially. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program includes a recep 
tion module configured to cause reception of a selection 
from the input-output device system of an ablation path 
along which tissue of a bodily cavity is to be ablated by 
transducers of a catheter device, the selection including an 
indication of a first order of transducer sets along the 
selected ablation path, and each of the transducer sets in the 
first order including at least one of the transducers of the 
catheter device. The program includes a generation module 
configured to, in response to receiving at least part of the 
selection, cause generation of a second order of transducer 
sets different than the first order based at least on an analysis 
of the transducer sets in the first order, the transducer sets in 
the second order including transducers in the first order. The 
program includes an activation module configured to cause 
ablation, initiated during or after completion of the genera 
tion of the second order according to the generation instruc 
tions, of the selected ablation path at least by ablation 
activating transducers in the second order according to the 
second order with at least two of the ablation-activating 
transducers in the second order activated sequentially. In 
Some embodiments, the computer-readable storage medium 
system is a non-transitory computer-readable storage 
medium system including one or more non-transitory com 
puter-readable storage mediums storing the program. 

In some embodiments, a method of ablating tissue with a 
catheter device system is executed. The catheter device 
system includes an energy source device system, a structure 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
and a plurality of transducers located on the structure. The 
plurality of transducers are arranged in a distribution, and 
the plurality of transducers are positionable in an intra 
cardiac cavity defined at least in part by a tissue wall. A 
plurality of pairs of adjacent ones of the transducers in the 
distribution include at least a first pair of adjacent ones of the 
transducers in the distribution and a second pair of adjacent 
ones of the transducers in the distribution. The method may 
be summarized as including delivering energy provided by 
the energy source device system to each of the transducers 
of the first pair of adjacent ones of the transducers in the 
distribution to form at least a first lesion in a first region of 
the tissue wall over a first time interval. The method includes 
delivering energy provided by the energy source device 
system to each of the transducers of the second pair of 
adjacent ones of the transducers in the distribution to form 
at least a second lesion in a second region of the tissue wall 
over a second time interval. Each of the first and the second 
lesions block electrophysiological activity in a respective 
one of the first and the second regions, and a duration of the 
second time interval is different than a duration of the first 
time interval. 

Each of the transducers in the distribution may include a 
respective electrode having an energy transmission Surface, 
each energy transmission Surface having a respective cor 
responding size. The respective corresponding size of the 
energy transmission Surface of one of the respective elec 
trodes of the first pair of adjacent ones of the transducers in 
the distribution may have a different magnitude than the 
respective corresponding size of the energy transmission 
surface of one of the respective electrodes of the second pair 
of adjacent ones of the transducers in the distribution. The 
method may include determining the duration of the first 
time interval based at least on the respective corresponding 
size of the energy transmission Surface of each of at least one 
of the electrodes of the first pair of adjacent ones of the 
transducers in the distribution, and determining the duration 
of the second time interval based at least on the respective 
corresponding size of the energy transmission Surface size of 
each of at least one of the electrodes of the second pair of 
adjacent ones of the transducers in the distribution. The 
duration of the second time interval may be determined to be 
different than the duration of the first time interval at least 
because of the different magnitude. The respective corre 
sponding size of each energy transmission Surface may be a 
Surface area of the energy transmission Surface. The Surface 
area of the energy transmission Surface of the one of the 
respective electrodes of the first pair of adjacent ones of the 
transducers in the distribution may be greater than the 
Surface area of the energy transmission Surface of the one of 
the respective electrodes of the second pair of adjacent ones 
of the transducers in the distribution, and the duration of the 
second time interval may be greater than the duration of the 
first time interval. The duration of the second time interval 
may be greater than the duration of the first time interval as 
a result of at least the greater Surface area of the energy 
transmission surface of the one of the respective electrodes 
of the first pair of adjacent ones of the transducers in the 
distribution as compared to the Surface area of the energy 
transmission surface of the one of the respective electrodes 
of the second pair of adjacent ones of the transducers in the 
distribution. Each of the first and the second pairs of 
adjacent ones of the transducers in the distribution may have 
an electrode having a same corresponding size. 
The respective transducers of the first pair of adjacent 

ones of the transducers in the distribution may be spaced 
with respect to one another by a first distance, and the 
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respective transducers of the second pair of adjacent ones of 
the transducers in the distribution may be spaced with 
respect to one another by a second distance longer than the 
first distance. The duration of the second time interval may 
be greater than the duration of the first time interval. The 5 
duration of the second time interval may be greater than the 
duration of the first time interval as a result of at least the 
second distance being longer than the first distance. 
A first region of space that is associated with a physical 

part of the structure may be located between the respective 
transducers of the first pair of adjacent ones of the trans 
ducers in the distribution and a second region of space that 
is not associated with any physical part of the structure may 
be located between the respective transducers of the second 
pair of adjacent ones of the transducers in the distribution. 
The duration of the second time interval may be greater than 
the duration of the first time interval. The duration of the 
second time interval may be greater than the duration of the 
first time interval as a result of at least the first region of 
space being associated with a physical part of the structure 
and the second region of space being not associated with any 
physical part of the structure. The first lesion may be formed 
along a first physical path extending across a portion of the 
first region of space and the second lesion may be formed 
across a second physical path extending across a portion of 
the second region of space. 

The structure may include a plurality of elongate mem 
bers. The structure may be selectively moveable between a 
delivery configuration in which the structure is sized to be 
percutaneously delivered to the intra-cardiac cavity and a 
deployed configuration in which the structure is sized too 
large to be percutaneously delivered to the intra-cardiac 
cavity. The respective transducers of the first pair of adjacent 
ones of the transducers in the distribution may be located on 
a same elongate member of the plurality of elongate mem 
bers and the respective transducers of the second pair of 
adjacent ones of the transducers in the distribution may be 
located on different elongate members of the plurality of 
elongate members. The duration of the second time interval 
may be greater than the duration of the first time interval at 
least as a result of the respective transducers of the first pair 
of adjacent ones of the transducers in the distribution being 
located on a same elongate member of the plurality of 
elongate members and the respective transducers of the 45 
second pair of adjacent ones of the transducers in the 
distribution being located on different elongate members of 
the plurality of elongate members. 

Each of at least one of the first time interval and the 
second time interval may be a predetermined time interval. 50 
The method may include delivering a portion of the 

energy delivered to each transducer of the first pair of 
adjacent ones of the transducers in the distribution between 
the transducers of the first pair of adjacent ones of the 
transducers in the distribution, delivering a portion of the 55 
energy delivered to each transducer of the second pair of 
adjacent ones of the transducers in the distribution between 
the transducers of the second pair of adjacent ones of the 
transducers in the distribution, or both. The catheter device 
system may include an indifferent electrode, and the method 60 
may include delivering a respective portion of the energy 
delivered to each transducer of the first pair of adjacent ones 
of the transducers in the distribution to the indifferent 
electrode, delivering a respective portion of the energy 
delivered to each transducer of the second pair of adjacent 
ones of the transducers in the distribution to the indifferent 
electrode, or both. 
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Each transducer in the distribution may be spaced from 

each of the other transducers in the distribution. The first pair 
of adjacent ones of the transducers in the distribution may 
have a same transducer as the second pair of adjacent ones 
of the transducers in the distribution. 

Various methods may include combinations and Subsets 
of all those summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The program is 
configured to cause the data processing device system to 
interact, via the input-output device system, with an energy 
Source device system and a plurality of transducers located 
on a catheter structure. The plurality of transducers are 
arranged in a distribution, and the plurality of transducers 
are positionable in an intra-cardiac cavity defined at least in 
part by a tissue wall. A plurality of pairs of adjacent ones of 
the transducers in the distribution include at least a first pair 
of adjacent ones of the transducers in the distribution and a 
second pair of adjacent ones of the transducers in the 
distribution. The program includes first delivery instructions 
configured to cause a delivery of energy provided by the 
energy source device system to each of the transducers of the 
first pair of adjacent ones of the transducers in the distribu 
tion over a first time interval, the energy provided to each of 
the transducers of the first pair of adjacent ones of the 
transducers sufficient for forming at least a first lesion in a 
first region of the tissue wall over the first time interval, the 
first lesion capable of blocking electrophysiological activity 
in the first region. The program includes second delivery 
instructions configured to cause a delivery of energy pro 
vided by the energy source device system to each of the 
transducers of the second pair of adjacent ones of the 
transducers in the distribution over a second time interval, 
the energy provided to each of the transducers of the second 
pair of adjacent ones of the transducers sufficient for forming 
at least a second lesion in a second region of the tissue wall 
over the second time interval, the second lesion capable of 
blocking electrophysiological activity in the second region. 
A duration of the second time interval is different than a 
duration of the first time interval. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The program is 
configured to cause the data processing device system to 
interact, via the input-output device system, with an energy 
Source device system and a plurality of transducers located 
on a catheter structure, the plurality of transducers are 
arranged in a distribution, and the plurality of transducers 
are positionable in an intra-cardiac cavity defined at least in 
part by a tissue wall. A plurality of pairs of adjacent ones of 
the transducers in the distribution includes at least a first pair 
of adjacent ones of the transducers in the distribution and a 
second pair of adjacent ones of the transducers in the 
distribution. The data processing device system is config 
ured by the program at least to cause a delivery of energy 
provided by the energy source device system to each of the 
transducers of the first pair of adjacent ones of the trans 
ducers in the distribution over a first time interval, the energy 
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provided to each of the transducers of the first pair of 
adjacent ones of the transducers Sufficient for forming at 
least a first lesion in a first region of the tissue wall over the 
first time interval, the first lesion capable of blocking elec 
trophysiological activity in the first region; and cause a 
delivery of energy provided by the energy source device 
system to each of the transducers of the second pair of 
adjacent ones of the transducers in the distribution over a 
second time interval, the energy provided to each of the 
transducers of the second pair of adjacent ones of the 
transducers Sufficient for forming at least a second lesion in 
a second region of the tissue wall over the second time 
interval, the second lesion capable of blocking electrophysi 
ological activity in the second region. A duration of the 
second time interval is different than a duration of the first 
time interval. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program is configured to 
cause the data processing device system to interact, via the 
input-output device system, with an energy source device 
system and a plurality of transducers located on a catheter 
structure. The plurality of transducers are arranged in a 
distribution, and the plurality of transducers are positionable 
in an intra-cardiac cavity defined at least in part by a tissue 
wall. A plurality of pairs of adjacent ones of the transducers 
in the distribution includes at least a first pair of adjacent 
ones of the transducers in the distribution and a second pair 
of adjacent ones of the transducers in the distribution. The 
program includes first delivery instructions configured to 
cause a delivery of energy provided by the energy source 
device system to each of the transducers of the first pair of 
adjacent ones of the transducers in the distribution over a 
first time interval, the energy provided to each of the 
transducers of the first pair of adjacent ones of the trans 
ducers sufficient for forming at least a first lesion in a first 
region of the tissue wall over the first time interval, the first 
lesion capable of blocking electrophysiological activity in 
the first region. The program includes second delivery 
instructions configured to cause a delivery of energy pro 
vided by the energy source device system to each of the 
transducers of the second pair of adjacent ones of the 
transducers in the distribution over a second time interval, 
the energy provided to each of the transducers of the second 
pair of adjacent ones of the transducers sufficient for forming 
at least a second lesion in a second region of the tissue wall 
over the second time interval, the second lesion capable of 
blocking electrophysiological activity in the second region. 
A duration of the second time interval is different than a 
duration of the first time interval. In some embodiments, the 
computer-readable storage medium system is a non-transi 
tory computer-readable storage medium system including 
one or more non-transitory computer-readable storage medi 
ums storing the program. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected the data processing device system, and a memory 
device system communicatively connected to the data pro 
cessing device system and storing a program executable by 
the data processing device system. The program is config 
ured to cause the data processing device system to interact, 
via the input-output device system, with an energy source 
device system and a plurality of transducers located on a 
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structure. The plurality of transducers are arranged in a 
distribution, and the plurality of transducers are positionable 
in a bodily cavity defined at least in part by a tissue wall. The 
program includes reception instructions configured to cause 
reception of a selection of a group of pairs of adjacent ones 
of the transducers in the distribution including a first pair of 
adjacent ones of the transducers in the distribution and a 
second pair of adjacent ones of the transducers in the 
distribution. The program includes first delivery instructions 
configured to cause a first delivery of energy to be provided 
by the energy source device system to each of the transduc 
ers of the first pair of adjacent ones of the transducers in the 
distribution, the first delivery of energy configured to occur 
over a first time interval (a) during the reception of the 
selection, (b) after a completion of the reception of the 
selection, or both (a) and (b) to form at least a first lesion in 
the tissue wall. The program includes second delivery 
instructions configured to cause a second delivery of energy 
to be provided by the energy source device system to each 
of the transducers of the second pair of adjacent ones of the 
transducers in the distribution, the second delivery of energy 
configured to occur over a second time interval (c) during 
the reception of the selection, (d) after the completion of the 
reception of the selection, or both (c) and (d) to form at least 
a second lesion in the tissue wall. A duration of the second 
time interval is different than a duration of the first time 
interval. 
The input-output device system may include the plurality 

of transducers. Each of the transducers in the distribution 
may include a respective electrode having an energy trans 
mission Surface, each energy transmission Surface having a 
respective corresponding size. The respective corresponding 
size of the energy transmission Surface of one of the respec 
tive electrodes of the first pair of adjacent ones of the 
transducers in the distribution may have a different magni 
tude than the respective corresponding size of the energy 
transmission surface of one of the respective electrodes of 
the second pair of adjacent ones of the transducers in the 
distribution. The program may further include first determi 
nation instructions configured to cause a determination of 
the duration of the first time interval based at least on the 
respective corresponding size of the energy transmission 
surface of each of at least one of the electrodes of the first 
pair of adjacent ones of the transducers in the distribution. 
The program may further include second determination 
instructions configured to cause a determination of the 
duration of the second time interval based at least on the 
respective corresponding size of the energy transmission 
surface of each of at least one of the electrodes of the second 
pair of adjacent ones of the transducers in the distribution. 
The duration of the second time interval may be different 
than the duration of the first time interval at least because of 
the different magnitude. The energy transmission Surface of 
the one of the respective electrodes of the first pair of 
adjacent ones of the transducers in the distribution may have 
a Surface area greater than a Surface area of the energy 
transmission surface of the one of the respective electrodes 
of the second pair of adjacent ones of the transducers in the 
distribution and the duration of the second time interval may 
be greater than the duration of the first time interval. Each 
of the first and the second pairs of adjacent ones of the 
transducers in the distribution may have an electrode having 
a same corresponding size. 
The input-output device system may include the plurality 

of transducers. The respective transducers of the first pair of 
adjacent ones of the transducers in the distribution may be 
spaced with respect to one another by a first distance, and the 
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respective transducers of the second pair of adjacent ones of 
the transducers in the distribution may be spaced with 
respect to one another by a second distance longer than the 
first distance. The program may further include first deter 
mination instructions configured to cause a determination of 
the duration of the first time interval based at least on the first 
distance. The program may further include second determi 
nation instructions configured to cause a determination of 
the duration of the second time interval based at least on the 
second distance. The duration of the second time interval 
may be different than the duration of the first time interval 
at least because the second distance is longer than the first 
distance. The duration of the second time interval may be 
greater than the duration of the first time interval. 
The input-output device system may include the plurality 

of transducers. A first region of space that is associated with 
a physical part of the structure may be located between the 
respective transducers of the first pair of adjacent ones of the 
transducers in the distribution and a second region of space 
that is not associated with any physical part of the structure 
may be located between the respective transducers of the 
second pair of adjacent ones of the transducers in the 
distribution. The program may further include first determi 
nation instructions configured to cause a determination of 
the duration of the first time interval based at least as a result 
of the first region of space being associated with a physical 
part of the structure. The program may further include 
second determination instructions configured to cause a 
determination of the duration of the second time interval 
based at least as a result of the second region of space being 
not associated with any physical part of the structure. The 
duration of the second time interval may be different than the 
duration of the first time interval at least because the first 
region of space is associated with a physical part of the 
structure and the second region of space is not associated 
with any physical part of the structure. The duration of the 
second time interval may be greater than the duration of the 
first time interval. 
The input-output device system may include the plurality 

of transducers, the plurality of transducers included in a 
catheter device. The bodily cavity may be an intra-cardiac 
cavity and each of the first lesion and the second lesion may 
be an electrophysiological activity conduction block. 

The program may further include data reception instruc 
tions configured to cause a reception of transducer data via 
the input-output device system, the transducer data indicat 
ing data acquired by at least Some of the plurality of 
transducers. The program may include positional determi 
nation instructions configured to cause a determination of a 
spatial relationship between the at least some of the plurality 
of transducers and the bodily cavity based at least on an 
analysis of the transducer data. The program may further 
include duration determination instructions configured to 
cause a determination of the duration of the first time 
interval, the second time interval, or both the first and the 
second time intervals based at least on the determined spatial 
relationship. 
The program may further include data reception instruc 

tions configured to cause a reception of transducer data via 
the input-output device system, the transducer data indicat 
ing data acquired by at least Some of the plurality of 
transducers. The program may include proximity determi 
nation instructions configured to cause a determination of a 
proximity of each of the at least some of the plurality of 
transducers to an anatomical feature in the bodily cavity 
based at least on an analysis of the transducer data. The 
program may include duration determination instructions 
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configured to cause a determination of the duration of the 
first time interval, the second time interval, or both the first 
and the second time intervals based at least on the deter 
mined proximity of each of the at least some of the plurality 
of transducers to the anatomical feature in the bodily cavity. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include tissue determination instructions 
configured to cause a determination of a tissue characteristic 
in the bodily cavity based at least on an analysis of the 
transducer data. The program may further include duration 
determination instructions configured to cause a determina 
tion of the duration of the first time interval, the second time 
interval, or both the first and the second time intervals based 
at least on the determined tissue characteristic. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include duration determination instruc 
tions configured to cause a determination of the duration of 
the first time interval, the second time interval, or both the 
first and the second time intervals based at least on an 
analysis of the transducer data. The first delivery instructions 
may be configured to cause the first delivery of energy to be 
provided by the energy source device system to each of the 
transducers of the first pair of adjacent ones of the trans 
ducers in the distribution during or after completion of the 
reception of the transducer data, and the second delivery 
instructions may be configured to cause the second delivery 
of energy to be provided by the energy source device system 
to each of the transducers of the second pair of adjacent ones 
of the transducers in the distribution during or after comple 
tion of the reception of the transducer data. 
The first pair of adjacent ones of the transducers in the 

distribution may have a same transducer as the second pair 
of adjacent ones of the transducers in the distribution. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected the data processing device system, and a memory 
device system communicatively connected to the data pro 
cessing device system and storing a program executable by 
the data processing device system. The program is config 
ured to cause the data processing device system to interact, 
via the input-output device system, with an energy source 
device system and a plurality of transducers located on a 
structure. The plurality of transducers are arranged in a 
distribution, and the plurality of transducers are positionable 
in a bodily cavity defined at least in part by a tissue wall. The 
data processing device system is configured by the program 
at least to receive a selection of a group of pairs of adjacent 
ones of the transducers in the distribution including a first 
pair of adjacent ones of the transducers in the distribution 
and a second pair of adjacent ones of the transducers in the 
distribution. The data processing device system is config 
ured by the program at least to cause a first delivery of 
energy to be provided by the energy source device system to 
each of the transducers of the first pair of adjacent ones of 
the transducers in the distribution, the first delivery of 
energy configured to occur over a first time interval (a) 
during the reception of the selection, (b) after a completion 
of the reception of the selection, or both (a) and (b) to form 
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at least a first lesion in the tissue wall. The data processing 
device system is configured by the program at least to cause 
a second delivery of energy to be provided by the energy 
source device system to each of the transducers of the 
second pair of adjacent ones of the transducers in the 
distribution, the second delivery of energy configured to 
occur over a second time interval (c) during the reception of 
the selection, (d) after the completion of the reception of the 
selection, or both (c) and (d) to form at least a second lesion 
in the tissue wall, a duration of the second time interval 
different than a duration of the first time interval. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
tively connected to the data processing device system. The 
data processing device system is further communicatively 
connected to an input-output device system. The program is 
configured to cause the data processing device system to 
interact, via the input-output device system, with an energy 
Source device system and a plurality of transducers located 
on a structure. The plurality of transducers are arranged in a 
distribution, and the plurality of transducers are positionable 
in a bodily cavity defined at least in part by a tissue wall. The 
method includes receiving a selection of a group of pairs of 
adjacent ones of the transducers in the distribution including 
a first pair of adjacent ones of the transducers in the 
distribution and a second pair of adjacent ones of the 
transducers in the distribution. The method includes causing 
a first delivery of energy to be provided by the energy source 
device system to each of the transducers of the first pair of 
adjacent ones of the transducers in the distribution, the first 
delivery of energy configured to occur over a first time 
interval (a) during the reception of the selection, (b) after a 
completion of the reception of the selection, or both (a) and 
(b) to form at least a first lesion in the tissue wall. The 
method includes causing a second delivery of energy to be 
provided by the energy source device system to each of the 
transducers of the second pair of adjacent ones of the 
transducers in the distribution, the second delivery of energy 
configured to occur over a second time interval (c) during 
the reception of the selection, (d) after the completion of the 
reception of the selection, or both (c) and (d) to form at least 
a second lesion in the tissue wall. A duration of the second 
time interval is different than a duration of the first time 
interval. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program is configured to 
cause the data processing device system to interact, via the 
input-output device system, with an energy source device 
system and a plurality of transducers located on a structure. 
The plurality of transducers are arranged in a distribution, 
and the plurality of transducers are positionable in a bodily 
cavity defined at least in part by a tissue wall. The program 
includes a reception module configured to cause reception of 
a selection of a group of pairs of adjacent ones of the 
transducers in the distribution including a first pair of 
adjacent ones of the transducers in the distribution and a 
second pair of adjacent ones of the transducers in the 
distribution. The program includes a first delivery module 
configured to cause a first delivery of energy to be provided 
by the energy source device system to each of the transduc 
ers of the first pair of adjacent ones of the transducers in the 
distribution, the first delivery of energy configured to occur 
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over a first time interval (a) during the reception of the 
selection, (b) after a completion of the reception of the 
selection, or both (a) and (b) to form at least a first lesion in 
the tissue wall. The program includes a second delivery 
module configured to cause a second delivery of energy to 
be provided by the energy source device system to each of 
the transducers of the second pair of adjacent ones of the 
transducers in the distribution, the second delivery of energy 
configured to occur over a second time interval (c) during 
the reception of the selection, (d) after the completion of the 
reception of the selection, or both (c) and (d), to form at least 
a second lesion in the tissue wall. A duration of the second 
time interval is different than a duration of the first time 
interval. In some embodiments, the computer-readable stor 
age medium system is a non-transitory computer-readable 
storage medium system including one or more non-transi 
tory computer-readable storage mediums storing the pro 
gram. 
A transducer-activation system may be summarized as 

including a data processing device system, an input-output 
device system communicatively connected to the data pro 
cessing device system, and a memory device system com 
municatively connected to the data processing device system 
and storing a program executable by the data processing 
device system. The program includes reception instructions 
configured to cause reception of a selection from the input 
output device system of at least two of a plurality of 
transducers of a transducer-based device. The plurality of 
transducers are arranged in a distribution, and the plurality 
of transducers are positionable in a bodily cavity. The at least 
two of the plurality of transducers include at least a first 
transducer in the distribution and one of a second transducer 
and a third transducer in the distribution. The program 
includes activation instructions configured to cause activa 
tion via the input-output device system of each of the at least 
two of the plurality of transducers. The activation of at least 
the first transducer occurs for a first time interval when the 
at least two of the plurality of transducers include the second 
transducer in the distribution, and the activation of at least 
the first transducer occurs for a second time interval when 
the at least two of the plurality of transducers include the 
third transducer in the distribution. Each of the first, the 
second, and the third transducers are different transducers in 
the distribution and a duration of the second time interval is 
different than a duration of the first time interval. 

Each of the first, the second and the third transducers may 
include a respective electrode having an energy transmission 
Surface, each energy transmission Surface having a respec 
tive corresponding size. The respective corresponding size 
of the energy transmission Surface of the respective elec 
trode of the second transducer may have a different magni 
tude than the respective corresponding size of the energy 
transmission surface of the respective electrode of the third 
transducer. The respective corresponding sizes of the energy 
transmission surfaces of the respective electrodes of the first, 
the second, and the third transducers may have different 
magnitudes. The respective corresponding size of each 
energy transmission Surface may be a Surface area of the 
energy transmission Surface. The Surface area of the energy 
transmission surface of the respective electrode of the sec 
ond transducer may be greater than the Surface area of the 
energy transmission Surface of the respective electrode of 
the third transducer, and the duration of the second time 
interval may be greater than the duration of the first time 
interval. 
The first transducer may be spaced from the second 

transducer by a first distance in the distribution and the first 
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transducer may be spaced from the third transducer by a 
second distance in the distribution, the second distance 
being longer than the first distance. The duration of the 
second time interval may greater than the duration of the first 
time interval. 

The input-output device system may include the trans 
ducer-based device. The transducer-based device may 
include a structure on which is located the plurality of 
transducers arranged in the distribution. A first region of 
space that is associated with a physical part of the structure 
may be located between the second transducer and the first 
transducer, and a second region of space that is not associ 
ated with any physical part of the structure may be located 
between the first transducer and the third transducer. The 
duration of the second time interval may be greater than the 
duration of the first time interval. 
The input-output device system may include the trans 

ducer-based device. The transducer-based device may 
include a structure on which is located the plurality of 
transducers arranged in the distribution. The structure may 
include a plurality of elongate members. The structure may 
be selectively moveable between a delivery configuration in 
which the structure is sized to be percutaneously delivered 
to the bodily cavity and a deployed configuration in which 
the structure has a size too large to be percutaneously 
delivered to the bodily cavity. Each of the first and the 
second transducers in the distribution may be located on a 
first elongate member of the plurality of elongate members, 
and the third transducer in the distribution may be located on 
a second elongate member of the plurality of elongate 
members, the second elongate member different from the 
first elongate member. The duration of the second time 
interval may be greater than the duration of the first time 
interval. 

Each of the first transducer and the second transducer may 
form a first pair of adjacent ones of the transducers in the 
distribution and each of the first transducer and the third 
transducer may form a second pair of adjacent ones of the 
transducers in the distribution. Each of the activation occur 
ring for the first time interval and the activation occurring for 
the second time interval may be sufficient for ablating tissue 
in the bodily cavity. The activation occurring for the first 
time interval may include a delivery of energy between the 
first and the second transducers in the distribution, and the 
activation occurring for the second time interval may 
include a delivery of energy between the first and the third 
transducers. Each of the activation occurring for the first 
time interval and the activation occurring for the second 
time interval may include a delivery of energy between at 
least the first transducer and an indifferent electrode. 
The input-output device system may include at least one 

display and the program may further include display instruc 
tions configured to cause generation of an image including 
a plurality of graphical elements on a display region of the 
at least one display. The program may further include second 
reception instructions configured to cause reception of inde 
pendent user-selections, via the input-output device system, 
of each of at least some of the plurality of graphical elements 
to select at least the first transducer, or the second transducer, 
or the third transducer in the distribution. The independent 
user-selections may include an independent user-selection of 
a single one of the plurality of graphical elements that selects 
either a first transducer set that includes at least the first and 
the second transducers in the distribution, or a second 
transducer set that includes at least the first and the third 
transducers in the distribution. 
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The input-output device system may include the trans 

ducer-based device. The transducer-based device may 
include a structure on which is located the plurality of 
transducers arranged in the distribution. The structure may 
include a plurality of elongate members, each elongate 
member of the plurality of elongate members including a 
proximal end, a distal end and an intermediate portion 
positioned between the proximal and distal ends. The 
respective intermediate portion of each elongate member of 
the plurality of elongate members may include a thickness, 
a front Surface and a back Surface opposite across the 
thickness from the front surface. The structure may be 
selectively moveable between a delivery configuration in 
which the respective intermediate portions of the plurality of 
elongate members are arranged front Surface-toward-back 
Surface in a stacked array sized to be percutaneously deliv 
ered to the bodily cavity and a deployed configuration in 
which the structure has a size too large to be percutaneously 
delivered to the bodily cavity. The structure may include a 
proximal portion and a distal portion, each of the proximal 
and the distal portions including a respective part of each of 
the plurality of elongate members, the proximal portion of 
the structure forming a first domed shape and the distal 
portion of the structure forming a second domed shape when 
the structure is in the deployed configuration. 
The input-output device system may include the trans 

ducer-based device. The transducer-based device may 
include a structure on which is located the plurality of 
transducers arranged in the distribution. The structure may 
include a proximal portion and a distal portion. The structure 
may be selectively moveable between a delivery configura 
tion in which the structure is sized for percutaneous delivery 
to the bodily cavity, the structure arranged to be advanced 
distal portion first into the bodily cavity, and a deployed 
configuration in which the structure is sized too large to be 
delivered percutaneously to the bodily cavity. The proximal 
portion of the structure may form a first domed shape and the 
distal portion of the structure may form a second domed 
shape when the structure is in the deployed configuration. 
The proximal and the distal portions of the structure may be 
arranged in a clam shell configuration when the structure is 
in the deployed configuration. 

Each of at least one of the first time interval and the 
second time interval may be a predetermined time interval. 
The input-output device system may include a sensing 

device system operable for detecting temperature at each of 
a plurality of locations, each of at least two of the plurality 
of locations at least proximate a respective one of the at least 
two of the plurality of transducers in the distribution. The 
program may further include determination instructions con 
figured to cause a determination of at least one of the first 
and the second time intervals based at least on the detecting 
temperature at each of at least some of the plurality of 
locations. 
The input-output device system may include a sensing 

device system operable for detecting an electrical charac 
teristic at each of a plurality of locations, each of at least two 
of the plurality of locations at least proximate a respective 
one of the at least two of the plurality of transducers in the 
distribution. The program may further include determination 
instructions configured to cause a determination of at least 
one of the first and the second time intervals based at least 
on the detected electrical characteristic at each of at least 
some of the plurality of locations. The electrical character 
istic may be a tissue electrical characteristic. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
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input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include positional determination instruc 
tions configured to cause a determination of spatial relation 
ship between the at least some of the plurality of transducers 
and the bodily cavity based at least on an analysis of the 
transducer data. The program may include duration deter 
mination instructions configured to cause a determination of 
the duration of the first time interval, the second time 
interval, or both the first and the second time intervals based 
at least on the determined spatial relationship. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include proximity determination instruc 
tions configured to cause a determination of a proximity of 
each of the at least some of the plurality of transducers to an 
anatomical feature in the bodily cavity based at least on an 
analysis of the transducer data. The program may include 
duration determination instructions configured to cause a 
determination of the duration of the first time interval, the 
second time interval, or both the first and the second time 
intervals based at least on the determined proximity of each 
of the at least some of the plurality of transducers to the 
anatomical feature in the bodily cavity. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include tissue determination instructions 
configured to cause a determination of a tissue characteristic 
in the bodily cavity based at least on an analysis of the 
transducer data. The program may include duration deter 
mination instructions configured to cause a determination of 
the duration of the first time interval, the second time 
interval, or both the first and the second time intervals based 
at least on the determined tissue characteristic. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include duration determination instruc 
tions configured to cause a determination of the duration of 
the first time interval, the second time interval, or both the 
first and the second time intervals based at least on an 
analysis of the transducer data. The activation instructions 
may be configured to cause activation of each of the at least 
two of the plurality of transducers during or after completion 
of the reception of the transducer data. 
The input-output device system may include the trans 

ducer-based device. The selection may be a first selection. 
The first selection may be a selection of the first and second 
transducers in the distribution, but not the third transducer in 
the distribution. The reception instructions may be further 
configured to cause a reception of a second selection from 
the input-output device system after reception of the first 
selection and after initiation of the activation of at least the 
first transducer for the first time interval, the second selec 
tion being a selection of at least the third transducer in the 
distribution. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
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memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The data pro 
cessing device system is configured by the program at least 
to receive a selection from the input-output device system of 
at least two of a plurality of transducers of a transducer 
based device, the plurality of transducers arranged in a 
distribution, the plurality of transducers positionable in a 
bodily cavity. The at least two of the plurality of transducers 
include at least a first transducer in the distribution and one 
of a second transducer and a third transducer in the distri 
bution. The data processing device system is configured by 
the program at least to cause activation via the input-output 
device system of each of the at least two of the plurality of 
transducers, the activation of at least the first transducer 
occurring for a first time interval when the at least two of the 
plurality of transducers include the second transducer in the 
distribution, and the activation of at least the first transducer 
occurring for a second time interval when the at least two of 
the plurality of transducers include the third transducer in 
the distribution. Each of the first, the second, and the third 
transducers are different transducers in the distribution and 
a duration of the second time interval is different than a 
duration of the first time interval. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
tively connected to the data processing device system, the 
data processing device system further communicatively con 
nected to an input-output device system. The method may be 
Summarized as including receiving a selection from the 
input-output device system of at least two of a plurality of 
transducers of a transducer-based device, the plurality of 
transducers arranged in a distribution, the plurality of trans 
ducers positionable in a bodily cavity. The at least two of the 
plurality of transducers include at least a first transducer in 
the distribution and one of a second transducer and a third 
transducer in the distribution. The method includes causing 
activation via the input-output device system of each of the 
at least two of the plurality of transducers, the activation of 
at least the first transducer occurring for a first time interval 
when the at least two of the plurality of transducers include 
the second transducer in the distribution, and the activation 
of at least the first transducer occurring for a second time 
interval when the at least two of the plurality of transducers 
include the third transducer in the distribution. Each of the 
first, the second, and the third transducers are different 
transducers in the distribution and a duration of the second 
time interval is different than a duration of the first time 
interval. 

In some embodiments, a computer-readable storage 
medium system may be Summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program includes a recep 
tion module configured to cause reception of a selection 
from the input-output device system of at least two of a 
plurality of transducers of a transducer-based device, the 
plurality of transducers arranged in a distribution, the plu 
rality of transducers positionable in a bodily cavity, the at 
least two of the plurality of transducers including at least a 
first transducer in the distribution and one of a second 
transducer and a third transducer in the distribution. The 
program includes an activation module configured to cause 
activation via the input-output device system of each of the 
at least two of the plurality of transducers, the activation of 
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at least the first transducer occurring for a first time interval 
when the at least two of the plurality of transducers include 
the second transducer in the distribution, and the activation 
of at least the first transducer occurring for a second time 
interval when the at least two of the plurality of transducers 
include the third transducer in the distribution. Each of the 
first, the second, and the third transducers are different 
transducers in the distribution and a duration of the second 
time interval is different than a duration of the first time 
interval. In some embodiments, the computer-readable Stor 
age medium system is a non-transitory computer-readable 
storage medium system including one or more non-transi 
tory computer-readable storage mediums storing the pro 
gram. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The program 
includes selection instructions configured to cause reception 
of a selection from the input-output device system of at least 
Some of a plurality of pairs of adjacent ones of transducers 
in a distribution of the transducers carried by a transducer 
based device. The distribution is positionable in a bodily 
cavity, and the at least Some of the plurality of pairs of 
adjacent ones of the transducers in the distribution include at 
least a first pair of adjacent ones of the transducers in the 
distribution and a second pair of adjacent ones of the 
transducers in the distribution. The program includes acti 
Vation instructions configured to cause activation of each of 
the at least some of the plurality of pairs of adjacent ones of 
the transducers in the distribution. The program includes 
delay instructions configured to cause a delay of the acti 
Vation of the first pair of adjacent ones of the transducers in 
the distribution with respect to a starting of the activation of 
the second pair of adjacent ones of the transducers in the 
distribution in response to a circumstance where a respective 
transducer in each of the first and the second pairs of 
adjacent ones of the transducers in the distribution forms 
part of a third pair of adjacent ones of the transducers in the 
distribution. The first pair, the second pair, and the third pair 
of adjacent ones of the transducers in the distribution are 
different pairs of transducers. 
The delay instructions may include instructions config 

ured to delay the start of the activation of the first pair of 
adjacent ones of the transducers in the distribution until after 
completion of the activation of the second pair of adjacent 
ones of the transducers in the distribution. The third pair of 
adjacent ones of the transducers in the distribution may form 
part of the at least some of the plurality of pairs of adjacent 
ones of the transducers in the distribution. The program may 
further include instructions configured to cause a delay of 
the activation of the third pair of adjacent ones of the 
transducers in the distribution with respect to a starting of 
the activation of each of the first pair and the second pair of 
adjacent ones of the transducers in the distribution in 
response to the circumstance where the respective trans 
ducer in each of the first and the second pairs of adjacent 
ones of the transducers in the distribution forms part of the 
third pair of adjacent ones of the transducers in the distri 
bution. The program may further include instructions con 
figured to cause a starting of the activation of the third pair 
of adjacent ones of the transducers in the distribution after 
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completion of the activation of each of the first and the 
second pairs of adjacent ones of the transducers in the 
distribution. 
The delay instructions may include instructions config 

ured to delay the starting of the activation of the first pair of 
adjacent ones of the transducers in the distribution until after 
expiry of a time interval, the time interval commencing after 
completing of the activation of the second pair of adjacent 
ones of the transducers in the distribution. 
The third pair of adjacent ones of the transducers in the 

distribution may form part of the at least some of the 
plurality of pairs of adjacent ones of the transducers in the 
distribution. The third pair of adjacent ones of the transduc 
ers in the distribution may not form part of the at least some 
of the plurality of pairs of adjacent ones of the transducers 
in the distribution. The delay may be a predetermined delay. 
The input-output device system may include the trans 

ducer-based device. The input-output device system may 
include an energy source device system connected at least to 
each of the at least some of the plurality of pairs of adjacent 
ones of the transducers in the distribution. The activation 
instructions may include instructions configured to cause 
energy from the energy source device system to be delivered 
to each of the at least some of the plurality of pairs of 
adjacent ones of the transducers, the energy sufficient to 
cause ablation of tissue in the bodily cavity. The activation 
instructions may include instructions configured to cause 
energy from the energy source device system to be delivered 
to each of the at least some of the plurality of pairs of 
adjacent ones of the transducers. The input-output device 
system may further include a sensing device system config 
ured to detect at least one tissue characteristic at respective 
locations at least proximate each of the at least Some of the 
plurality of pairs of adjacent ones of the transducers in the 
distribution with the energy delivered to each of the at least 
some of the plurality of pairs of adjacent ones of the 
transducers in the distribution. The at least one tissue 
characteristic may include a tissue impedance characteristic. 
The activation instructions may include instructions con 

figured to cause activation of at least the first pair of adjacent 
ones of the transducers in the distribution for a first time 
interval and cause activation of at least the second pair of 
adjacent ones of the transducers in the distribution for a 
second time interval, a duration of the second time interval 
different than a duration of the first time interval. The first 
time interval, the second time interval, or each of the first 
time interval and the second time interval may be a prede 
termined time interval. 
The program may further include instructions configured 

to cause the input-output device system to display a graphi 
cal representation of at least a spatial relationship of at least 
a portion of the transducers in the distribution, the graphical 
representation including a plurality of graphical elements 
including a first graphical element associated with the first 
pair of adjacent ones of the transducers in the distribution 
and a second graphical element associated with the second 
pair of adjacent ones of the transducers in the distribution. 
The selection instructions may include instructions config 
ured to cause reception of a selection from the input-output 
device system of at least the first graphical element and the 
second graphical element. 
The bodily cavity may be an intra-cardiac cavity. The 

input-output device system may include the transducer 
based device. The transducer-based device may include a 
structure having a proximal end, a distal end and a respective 
length between the proximal end and the distal end. Each of 
the transducers of at least the first pair, the second pair and 
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the third pair of adjacent ones of the transducers in the 
distribution may be arranged along the respective length of 
the structure. The third pair of adjacent ones of the trans 
ducers in the distribution may be arranged adjacently 
between each of the first and the second pairs of adjacent 
ones of the transducers in the distribution when the respec 
tive transducer in each of the first and the second pairs of 
adjacent ones of the transducers in the distribution forms 
part of the third pair of adjacent ones of the transducers in 
the distribution. 

The input-output device system may include the trans 
ducer-based device. A region of space associated with a 
physical part of the transducer-based device may be between 
the transducers of (a) the first pair of adjacent ones of the 
transducers in the distribution, (b) the second pair of adja 
cent ones of the transducers in the distribution, or (c) each 
of (a) and (b). A region of space not associated with any 
physical part of the transducer-based device may be between 
the transducers of the third pair of adjacent ones of the 
transducers in the distribution. 

The input-output device system may include the trans 
ducer-based device. The transducer-based device may 
include a structure that includes a plurality of elongate 
members. The transducers of the first pair of adjacent ones 
of the transducers in the distribution may be located on a first 
elongate member of the plurality of elongate members and 
the transducers of the second pair of adjacent ones of the 
transducers in the distribution may be located on a second 
elongate member of the plurality of elongate members, the 
second elongate member different from the first elongate 
member. The structure may be selectively moveable 
between a delivery configuration in which the structure is 
sized to be percutaneously delivered to the bodily cavity and 
a deployed configuration in which the structure has a size too 
large to be percutaneously delivered to the bodily cavity. 
Each elongate member of the plurality of elongate members 
may include a proximal end, a distal end and an intermediate 
portion positioned between the proximal and distal ends. 
The respective intermediate portion of each elongate mem 
ber of the plurality of elongate members may include a 
thickness, a front Surface, and a back Surface opposite across 
the thickness from the front surface. The respective inter 
mediate portions of the plurality of elongate members may 
be arranged front Surface-toward-back Surface in a stacked 
array when the structure is in the delivery configuration. The 
structure further may include a proximal portion and a distal 
portion, each of the proximal and the distal portions includ 
ing a respective part of each of the plurality of elongate 
members, the proximal portion of the structure forming a 
first domed shape and the distal portion of the structure 
forming a second domed shape when the structure is in the 
deployed configuration. 
The input-output device system may include the trans 

ducer-based device. The transducer-based device may 
include a structure, the structure including a proximal por 
tion and a distal portion. The structure may be selectively 
moveable between a delivery configuration in which the 
structure is arranged and sized for percutaneous delivery, 
distal portion first, into the bodily cavity, and a deployed 
configuration in which the structure is sized too large to be 
delivered percutaneously to the bodily cavity. The proximal 
portion of the structure may form a first domed shape and the 
distal portion of the structure may form a second domed 
shape when the structure is in the deployed configuration. 
The proximal and the distal portions of the structure may be 
arranged in a clam shell configuration when the structure is 
in the deployed configuration. 
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Each transducer in the distribution may be spaced apart 

from each of the other transducers in the distribution. The 
activation instructions may further include instructions con 
figured to cause bipolar activation of at least the first pair of 
adjacent ones of the transducers in the distribution and the 
second pair of adjacent ones of the transducers in the 
distribution. Each of the first and second pairs of adjacent 
ones of the transducers in the distribution may share a same 
transducer. Each of the transducers in the first pair of 
adjacent ones of the transducers in the distribution may be 
different from each of the transducers in the second pair of 
adjacent ones of the transducers in the distribution. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The data pro 
cessing device system is configured by the program at least 
to receive a selection from the input-output device system of 
at least some of a plurality of pairs of adjacent ones of 
transducers in a distribution of the transducers carried by a 
transducer-based device, the distribution positionable in a 
bodily cavity, and the at least some of the plurality of pairs 
of adjacent ones of the transducers in the distribution 
including at least a first pair of adjacent ones of the trans 
ducers in the distribution and a second pair of adjacent ones 
of the transducers in the distribution. The data processing 
device system is configured by the program at least to cause 
activation of each of the at least some of the plurality of pairs 
of adjacent ones of the transducers in the distribution. The 
data processing device system is configured by the program 
at least to cause a delay of the activation of the first pair of 
adjacent ones of the transducers in the distribution with 
respect to a starting of the activation of the second pair of 
adjacent ones of the transducers in the distribution in 
response to a circumstance where a respective transducer in 
each of the first and the second pairs of adjacent ones of the 
transducers in the distribution forms part of a third pair of 
adjacent ones of the transducers in the distribution. The first 
pair, the second pair, and the third pair of adjacent ones of 
the transducers in the distribution are different pairs of 
transducers. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
tively connected to the data processing device system, the 
data processing device system further communicatively con 
nected to an input-output device system. The method may be 
Summarized as including receiving a selection from the 
input-output device system of at least some of a plurality of 
pairs of adjacent ones of transducers in a distribution of the 
transducers carried by a transducer-based device, the distri 
bution positionable in a bodily cavity, and the at least some 
of the plurality of pairs of adjacent ones of the transducers 
in the distribution including at least a first pair of adjacent 
ones of the transducers in the distribution and a second pair 
of adjacent ones of the transducers in the distribution. The 
method includes causing activation of each of the at least 
some of the plurality of pairs of adjacent ones of the 
transducers in the distribution. The method includes causing 
a delay of the activation of the first pair of adjacent ones of 
the transducers in the distribution with respect to a starting 
of the activation of the second pair of adjacent ones of the 
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transducers in the distribution in response to a circumstance 
where a respective transducer in each of the first and the 
second pairs of adjacent ones of the transducers in the 
distribution forms part of a third pair of adjacent ones of the 
transducers in the distribution. The first pair, the second pair, 
and the third pair of adjacent ones of the transducers in the 
distribution are different pairs of transducers. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program includes a selec 
tion module configured to cause reception of a selection 
from the input-output device system of at least Some of a 
plurality of pairs of adjacent ones of transducers in a 
distribution of the transducers carried by a transducer-based 
device, the distribution positionable in a bodily cavity, and 
the at least some of the plurality of pairs of adjacent ones of 
the transducers in the distribution including at least a first 
pair of adjacent ones of the transducers in the distribution 
and a second pair of adjacent ones of the transducers in the 
distribution. The program includes an activation module 
configured to cause activation of each of the at least some of 
the plurality of pairs of adjacent ones of the transducers in 
the distribution. The program includes a delay module 
configured to cause a delay of the activation of the first pair 
of adjacent ones of the transducers in the distribution with 
respect to a starting of the activation of the second pair of 
adjacent ones of the transducers in the distribution in 
response to a circumstance where a respective transducer in 
each of the first and the second pairs of adjacent ones of the 
transducers in the distribution forms part of a third pair of 
adjacent ones of the transducers in the distribution. The first 
pair, the second pair, and the third pair of adjacent ones of 
the transducers in the distribution are different pairs of 
transducers. In some embodiments, the computer-readable 
storage medium system is a non-transitory computer-read 
able storage medium system including one or more non 
transitory computer-readable storage mediums storing the 
program. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The program 
includes selection instructions configured to cause reception 
of a selection from the input-output device system of at least 
Some of a plurality of transducers of a transducer-based 
device, the plurality of transducers arranged in a distribution 
positionable in a bodily cavity. The at least some of the 
plurality of transducer includes a plurality of pairs of adja 
cent ones of the transducers in the distribution that includes 
at least a first pair of adjacent ones of the transducers in the 
distribution and a second pair of adjacent ones of the 
transducers in the distribution. The program includes acti 
Vation instructions configured to cause activation of each of 
the plurality of pairs of adjacent ones of the transducers in 
the distribution. The activation instructions include instruc 
tions configured to cause the activation of the first pair of 
adjacent ones of the transducers in the distribution to start 
after completion of the activation of the second pair of 
adjacent ones of the transducers in the distribution in 
response to a circumstance where the first pair and the 
second pair of adjacent ones of the transducers in the 
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distribution share a same transducer. The activation instruc 
tions include instructions configured to cause at least part of 
the activation of the first pair of adjacent ones of the 
transducers in the distribution to occur concurrently with at 
least part of the activation of the second pair of adjacent ones 
of the transducers in the distribution in response to a 
circumstance where the first pair and the second pair of 
adjacent ones of the transducers in the distribution do not 
share a same transducer. 
The activation instructions may further include instruc 

tions configured to cause the activation of the first pair of 
adjacent ones of the transducers in the distribution to start 
after the completion of the activation of the second pair of 
adjacent ones of the transducers in the distribution in 
response to a circumstance where a respective transducer in 
each of the first and the second pairs of the transducers in the 
distribution forms part of another pair of the plurality of 
pairs of adjacent ones of the transducers in the distribution. 
The input-output device system may include the trans 

ducer-based device. The input-output device system may 
include an energy source device system connected at least to 
each of the plurality of pairs of adjacent ones of the 
transducers in the distribution. The activation instructions 
may include instructions configured to cause energy from 
the energy source device system to be delivered to each of 
the plurality of pairs of adjacent ones of the transducers, the 
energy sufficient to cause ablation of tissue in the bodily 
cavity. The activation instructions may include instructions 
configured to cause energy from the energy source device 
system to be delivered to each of the plurality of pairs of 
adjacent ones of the transducers, and the input-output device 
system may further include a sensing device system 
arranged to sense at least one tissue characteristic at respec 
tive locations at least proximate each of the plurality of pairs 
of adjacent ones of the transducers in the distribution with 
the energy delivered to each of the plurality of pairs of 
adjacent ones of the transducers in the distribution. The at 
least one tissue characteristic may include a tissue imped 
ance characteristic. 
The activation instructions may include instructions con 

figured to cause activation of at least the first pair of adjacent 
ones of the transducers in the distribution for a first time 
interval and cause activation of at least the second pair of 
adjacent ones of the transducers in the distribution for a 
second time interval, a duration of the second time interval 
different than a duration of the first time interval. The first 
time interval, the second time interval, or each of the first 
time interval and the second time interval may be a prede 
termined time interval. 
The program may further include instructions configured 

to cause the input-output device system to display a graphi 
cal representation of at least a spatial relationship of at least 
a portion of the transducers in the distribution, the graphical 
representation including a plurality of graphical elements 
including a first graphical element associated with the first 
pair of adjacent ones of the transducers in the distribution 
and a second graphical element associated with the second 
pair of adjacent ones of the transducers in the distribution. 
The selection instructions may include instructions config 
ured to cause reception of a selection from the input-output 
device system of at least the first graphical element and the 
second graphical element. 
The bodily cavity may be an intra-cardiac cavity. A first 

region of space may be between the transducers of the first 
pair of adjacent ones of the transducers in the distribution, 
the first region of space associated with a physical part of the 
transducer-based device, and a second region of space may 
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be between the transducers of the second pair of adjacent 
ones of the transducers in the distribution, the second region 
of space not associated with any physical part of the trans 
ducer-based device. 
The transducer-based device may include a structure that 

includes a plurality of elongate members. The transducers of 
the first pair of adjacent ones of the transducers in the 
distribution may be located on a same elongate member of 
the plurality of elongate members, and the transducers of the 
second pair of adjacent ones of the transducers in the 
distribution may be located on different elongate members 
of the plurality of elongate members. 
The structure may be selectively moveable between a 

delivery configuration in which the structure is sized to be 
percutaneously delivered to the bodily cavity and a deployed 
configuration in which the structure has a size too large to be 
percutaneously delivered to the bodily cavity. Each elongate 
member of the plurality of elongate members may include a 
proximal end, a distal end and an intermediate portion 
positioned between the proximal and distal ends. The 
respective intermediate portion of each elongate member of 
the plurality of elongate members may include a thickness, 
a front Surface, and a back Surface opposite across the 
thickness from the front surface, and the respective inter 
mediate portions of the plurality of elongate members may 
be arranged front Surface-toward-back Surface in a stacked 
array when the structure is in the delivery configuration. 
The structure may further include a proximal portion and 

a distal portion, each of the proximal and the distal portions 
including a respective part of each of the plurality of 
elongate members. The proximal portion of the structure 
may form a first domed shape and the distal portion of the 
structure may form a second domed shape when the struc 
ture is in the deployed configuration. 

The transducer-based device may include a structure, the 
structure including a proximal portion and a distal portion. 
The structure may be selectively moveable between a deliv 
ery configuration in which the structure is arranged and 
sized for percutaneous delivery, distal portion first, into the 
bodily cavity, and a deployed configuration in which the 
structure is sized too large to be delivered percutaneously to 
the bodily cavity. The proximal portion of the structure may 
form a first domed shape and the distal portion of the 
structure may form a second domed shape when the struc 
ture is in the deployed configuration. The proximal and the 
distal portions of the structure may be arranged in a clam 
shell configuration when the structure is in the deployed 
configuration. 

Each transducer in the distribution may be spaced apart 
from each of the other transducers in the distribution. The 
activation instructions may include instructions configured 
to cause bipolar activation of at least the first pair of adjacent 
ones of the transducers in the distribution and the second 
pair of adjacent ones of the transducers in the distribution. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, and a 
memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The data pro 
cessing device system is configured by the program at least 
to receive, according to reception instructions, a selection 
from the input-output device system of at least Some of a 
plurality of transducers of a transducer-based device, the 
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plurality of transducers arranged in a distribution position 
able in a bodily cavity. The at least some of the plurality of 
transducers includes a plurality of pairs of adjacent ones of 
the transducers in the distribution that includes at least a first 
pair of adjacent ones of the transducers in the distribution 
and a second pair of adjacent ones of the transducers in the 
distribution. The data processing device system is config 
ured by the program at least to cause, according to activation 
instructions, activation of each of the plurality of pairs of 
adjacent ones of the transducers in the distribution. The 
activation instructions further configure the data processing 
device system to cause the activation of the first pair of 
adjacent ones of the transducers in the distribution to start 
after completion of the activation of the second pair of 
adjacent ones of the transducers in the distribution in 
response to a circumstance where the first pair and the 
second pair of adjacent ones of the transducers in the 
distribution share a same transducer. The activation instruc 
tions further configure the data processing device system to 
cause at least part of the activation of the first pair of 
adjacent ones of the transducers in the distribution to occur 
concurrently with at least part of the activation of the second 
pair of adjacent ones of the transducers in the distribution in 
response to a circumstance where the first pair and the 
second pair of adjacent ones of the transducers in the 
distribution do not share a same transducer. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
tively connected to the data processing device system, the 
data processing device system further communicatively con 
nected to an input-output device system. The method may be 
Summarized as including receiving a selection from the 
input-output device system of at least some of a plurality of 
transducers of a transducer-based device, the plurality of 
transducers arranged in a distribution positionable in a 
bodily cavity. The at least some of the plurality of transduc 
ers include a plurality of pairs of adjacent ones of the 
transducers in the distribution that includes at least a first 
pair of adjacent ones of the transducers in the distribution 
and a second pair of adjacent ones of the transducers in the 
distribution. The method includes causing activation of each 
of the plurality of pairs of adjacent ones of the transducers 
in the distribution. The causing of the activation includes 
causing the activation of the first pair of adjacent ones of the 
transducers in the distribution to start after completion of the 
activation of the second pair of adjacent ones of the trans 
ducers in the distribution in response to a circumstance 
where the first pair and the second pair of adjacent ones of 
the transducers in the distribution share a same transducer. 
The causing of the activation includes causing at least part 
of the activation of the first pair of adjacent ones of the 
transducers in the distribution to occur concurrently with at 
least part of the activation of the second pair of adjacent ones 
of the transducers in the distribution in response to a 
circumstance where the first pair and the second pair of 
adjacent ones of the transducers in the distribution do not 
share a same transducer. 

In some embodiments, a computer-readable storage 
medium system may be Summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program includes a selec 
tion module configured to cause reception of a selection 
from the input-output device system of at least some of a 
plurality of transducers of a transducer-based device, the 
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plurality of transducers arranged in a distribution position 
able in a bodily cavity, the at least some of the plurality of 
transducers including a plurality of pairs of adjacent ones of 
the transducers in the distribution that includes at least a first 
pair of adjacent ones of the transducers in the distribution 5 
and a second pair of adjacent ones of the transducers in the 
distribution. The program includes an activation module 
configured to cause activation of each of the plurality of 
pairs of adjacent ones of the transducers in the distribution. 
The activation module is further configured to cause the 
activation of the first pair of adjacent ones of the transducers 
in the distribution to start after completion of the activation 
of the second pair of adjacent ones of the transducers in the 
distribution in response to a circumstance where the first pair 
and the second pair of adjacent ones of the transducers in the 
distribution share a same transducer. The activation module 
is further configured to cause at least part of the activation 
of the first pair of adjacent ones of the transducers in the 
distribution to occur concurrently with at least part of the 
activation of the second pair of adjacent ones of the trans 
ducers in the distribution in response to a circumstance 
where the first pair and the second pair of adjacent ones of 
the transducers in the distribution do not share a same 
transducer. In some embodiments, the computer-readable 
storage medium system is a non-transitory computer-read 
able storage medium system including one or more non 
transitory computer-readable storage mediums storing the 
program. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected the data processing device system, and a memory 
device system communicatively connected to the data pro 
cessing device system and storing a program executable by 
the data processing device system. The program includes 
reception instructions configured to cause reception of a 
selection from the input-output device system of at least 
Some of a plurality of transducers of a transducer-based 
device. The plurality of transducers are arranged in a dis 
tribution, the distribution positionable in a bodily cavity. The 
at least some of the plurality of transducers define a con 
tinuous series of pairs of the transducers, each pair of 
transducers in the continuous series having a same trans 
ducer as another pair of the transducers in the continuous 45 
series. The continuous series includes at least a first pair of 
the transducers, a second pair of the transducers and a third 
pair of the transducers. The program includes activation 
instructions configured to, in response to receiving at least 
part of the selection, cause activation of the transducers of 50 
each pair of the transducers in the continuous series accord 
ing to a sequence, wherein the activation includes activating 
the transducers of the first pair after activating at least the 
transducers of the second and the third pairs according to the 
sequence. At least the first pair of the transducers is arranged 55 
in the continuous series between the second and the third 
pairs of the transducers in the continuous series. 

At least part of the activating of (a) the transducers of the 
second pair, (b) the transducers of the third pair, or both (a) 
and (b), may not occur during the activating of the trans- 60 
ducers of the first pair. The activating of the transducers of 
the first pair may occur after completing the activating of (c) 
the transducers of the second pair, (d) the transducers of the 
third pair, or both (c) and (d). The completion of the 
activating of (c), (d), or both (c) and (d) may be a completion 65 
of an ablation of tissue between the respective pair or pairs 
of the transducers. 
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The transducers of the pairs of the transducers in the 

continuous series may be arranged to form a continuous 
lesion in tissue upon completion of activation of the trans 
ducers of the pairs of the transducers in the continuous 
series. 
The activating of the transducers of the first pair may 

occur after expiry of a time interval, the time interval 
commencing after completing: (a) the activating of the 
transducers of the second pair, (b) the activating of the 
transducers of the third pair, or both (a) and (b). The time 
interval may be a predetermined time interval. The input 
output device system may include a sensing device system. 
The program may further include instructions configured to 
cause the sensing device system to detect temperature at 
each of one or more locations, each of the one or more 
locations at least proximate a respective one of one or more 
of the transducers in the distribution, and instructions con 
figured to cause the data processing device system to deter 
mine at least an end of the time interval based at least on the 
detected temperature at each of the one or more locations. 
The program further may include instructions configured to 
cause the sensing device system to detect an electrical 
characteristic at each of one or more locations, each of the 
one or more locations at least proximate a respective one of 
one or more of the transducers in the distribution, and 
instructions configured to cause the data processing device 
system to determine at least an end of the time interval based 
at least on the detected electrical characteristic at each of the 
one or more locations. 
The program may further include instructions configured 

to, in response to receiving at least part of the selection, 
cause a starting of the activating of at least one transducer of 
the second pair to occur at a different time than a starting of 
the activating of at least one transducer of the third pair. The 
program further may include instructions configured to, in 
response to receiving at least part of the selection, cause a 
completion of the activating of at least one transducer of the 
second pair to occur at a different time than a completion of 
the activating of at least one transducer of the third pair. The 
program may further include instructions configured to, in 
response to receiving at least part of the selection, cause the 
activating of the transducers of the second pair to occur for 
a different duration than the activating of the transducers of 
the third pair. 
The first pair of the transducers may have different 

transducers than the second pair of the transducers, the third 
pair of the transducers, or both the second pair and the third 
pair of the transducers. The first pair of the transducers may 
have different transducers than each of the second and third 
pairs of the transducers. Each pair of the transducers in the 
continuous series may have a same transducer as an adjacent 
pair of the transducers in the continuous series. Each pair of 
the transducers in the continuous series may be arranged in 
the continuous series between a respective two adjacent 
pairs of the transducers in the continuous series. 

Each pair of the transducers in the continuous series may 
be associated with a different respective set of two pairs of 
the transducers in the continuous series, each of the trans 
ducers in each pair of the transducers in the continuous 
series included in a different pair of the respective set of two 
pairs of the transducers in the continuous series. Each pair 
of the transducers in the continuous series may be arranged 
in the continuous series between the two pairs of the 
respective set of two pairs of the transducers in the continu 
ous series. 
The input-output system may include the transducer 

based device. The input-output device system may include 
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an energy source device system connected at least to each of 
the at least some of the plurality of transducers. The acti 
Vation instructions may further include instructions config 
ured to cause energy from the energy source device system 
to be delivered to each of the at least some of the plurality 
of transducers, the energy Sufficient to cause ablation of 
tissue in the bodily cavity. The energy may be delivered to 
cause bipolar ablation of the tissue in the bodily cavity. A 
portion of the energy from the energy source device system 
delivered to each of the at least some of the plurality of 
transducers may be transmitted by each of the at least some 
of the plurality of transducers to an indifferent electrode. 
The input-output device system may include an energy 

Source device system connected at least to each pair of the 
transducers in the continuous series. The activation instruc 
tions may further include instructions configured to cause 
energy from the energy source device system to be delivered 
to each of the at least some of the plurality of transducers. 
The input-output device system may further include a sens 
ing device system arranged to sense at least one tissue 
electrical characteristic at respective locations at least proxi 
mate each of the at least some of the plurality of transducers 
in response to the energy delivered to each of the at least 
some of the plurality of transducers. The at least one tissue 
electrical characteristic may include an impedance charac 
teristic of tissue in the bodily cavity. 

The program may further include instructions configured 
to cause the input-output system to display a graphical 
representation that includes a respective at least one graphi 
cal element associated with each pair of the transducers in 
the continuous series. The program may further include 
instructions configured to, in response to receiving at least 
part of the selection, cause the input-output device system to 
change a visual characteristic of the respective at least one 
graphical element associated with each pair of the transduc 
ers in the continuous series. The program may further 
include instructions configured to, in response to activating 
the transducers of each pair of the transducers in the con 
tinuous series according to the sequence, cause the input 
output device system to change the visual characteristic of 
the respective at least one graphical element associated with 
the corresponding pair of the transducers in the continuous 
series. 
The program may further include instructions configured 

to cause the input-output system to display a graphical 
representation, the graphical representation including a plu 
rality of transducer graphical elements, each transducer 
graphical element associated with a respective one of the at 
least some of the plurality of transducers. The graphical 
representation may include a first spatial relationship 
between each of the plurality of transducer graphical ele 
ments that is consistent with a second spatial relationship in 
the distribution between the corresponding ones of the at 
least some of the plurality of transducers. The graphical 
representation may include a plurality of between graphical 
elements, each between graphical element associated with a 
respective one of the pairs of the transducers in the continu 
ous series, each between graphical element positioned in the 
graphical representation between a respective pair of the 
transducer graphical elements corresponding to the trans 
ducers of the respective one of the pairs of the transducers 
in the continuous series. 
The bodily cavity may be an intra-cardiac cavity. A region 

of space may be between two transducers of the at least 
some of the plurality of transducers in the distribution, the 
two transducers defining one of the pairs of the transducers 
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in the continuous series, the region of space not associated 
with any physical part of the transducer-based device. 
The input-output system may include the transducer 

based device. The transducer-based device may include a 
structure that includes a plurality of elongate members. The 
respective transducers of at least one of the pairs of the 
transducers in the continuous series may be located on a 
same elongate member of the plurality of elongate members 
and the respective transducers of at least another of the pairs 
of the transducers in the continuous series may be located on 
different elongate members of the plurality of elongate 
members. The structure may be selectively moveable 
between a delivery configuration in which the structure is 
sized to be percutaneously delivered to the bodily cavity and 
a deployed configuration in which the structure has a size too 
large to be percutaneously delivered to the bodily cavity. 
Each elongate member of the plurality of elongate members 
may include a proximal end, a distal end and an intermediate 
portion positioned between the proximal and distal ends, the 
respective intermediate portion of each elongate member of 
the plurality of elongate members including a thickness, a 
front Surface, and a back Surface opposite across the thick 
ness from the front surface. The respective intermediate 
portions of the plurality of elongate members may be 
arranged front Surface-toward-back Surface in a stacked 
array when the structure is in the delivery configuration. The 
structure may further include a proximal portion and a distal 
portion, each of the proximal and the distal portions includ 
ing a respective part of each of the plurality of elongate 
members. The proximal portion of the structure may form a 
first domed shape and the distal portion of the structure may 
form a second domed shape when the structure is in the 
deployed configuration. 
The input-output system may include the transducer 

based device. The transducer-based device may include a 
structure, the structure including a proximal portion and a 
distal portion. The structure may be selectively moveable 
between a delivery configuration in which the structure is 
sized for percutaneous delivery to the bodily cavity, the 
structure arranged to be advanced distal portion first into the 
bodily cavity and a deployed configuration in which the 
structure is sized too large to be delivered percutaneously to 
the bodily cavity. The proximal portion of the structure may 
form a first domed shape and the distal portion of the 
structure may form a second domed shape when the struc 
ture is in the deployed configuration. The proximal and the 
distal portions of the structure may be arranged in a clam 
shell configuration when the structure is in the deployed 
configuration. 
The sequence may be a predetermined sequence. The 

activation of the transducers of each pair of the transducers 
in the continuous series may include bipolar activation of the 
transducers of each pair of the transducers in the continuous 
series. The pairs of the transducers in the continuous series 
may be arranged one after another in spatial Succession in 
the distribution. The continuous series may be an ordered list 
of the pairs of the transducers, the ordered list stored by the 
memory device system. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected the data processing device system, and a memory 
device system communicatively connected to the data pro 
cessing device system and storing a program executable by 
the data processing device system. The data processing 
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device system is configured by the program at least to 
receive a selection from the input-output device system of at 
least Some of a plurality of transducers of a transducer-based 
device, the plurality of transducers arranged in a distribu 
tion, the distribution positionable in a bodily cavity. The at 5 
least Some of the plurality of transducers define a continuous 
series of pairs of the transducers, each pair of the transducers 
in the continuous series having a same transducer as another 
pair of the transducers in the continuous series. The con 
tinuous series include at least a first pair of the transducers, 
a second pair of the transducers and a third pair of the 
transducers. The data processing device system is config 
ured by the program at least to cause, in response to 
receiving at least part of the selection, activation of the 
transducers of each pair of the transducers in the continuous 15 
series according to a sequence. The activation includes 
activating the transducers of the first pair after activating at 
least the transducers of the second and the third pairs 
according to the sequence. At least the first pair of the 
transducers is arranged in the continuous series between the 
second and the third pairs of the transducers in the continu 
ous series. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
tively connected to the data processing device system, the 
data processing device system further communicatively con 
nected to an input-output device system. The method may be 
Summarized as including receiving a selection from the 
input-output device system of at least Some of a plurality of 
transducers of a transducer-based device, the plurality of 
transducers arranged in a distribution, the distribution posi 
tionable in a bodily cavity. The at least some of the plurality 
of transducers define a continuous series of pairs of the 
transducers, each pair of the transducers in the continuous 
series having a same transducer as another pair of the 
transducers in the continuous series. The continuous series 
includes at least a first pair of the transducers, a second pair 
of the transducers and a third pair of the transducers. The 
method includes causing, in response to receiving at least 
part of the selection, activation of the transducers of each 
pair of the transducers in the continuous series according to 
a sequence. The activation includes activating the transduc 
ers of the first pair after activating at least the transducers of 
the second and the third pairs according to the sequence. At 45 
least the first pair of the transducers is arranged in the 
continuous series between the second and the third pairs of 
the transducers in the continuous series. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 50 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The program includes a recep 
tion module configured to cause reception of a selection 55 
from the input-output device system of at least Some of a 
plurality of transducers of a transducer-based device, the 
plurality of transducers arranged in a distribution, the dis 
tribution positionable in a bodily cavity. The at least some of 
the plurality of transducers define a continuous series of 60 
pairs of the transducers, each pair of the transducers in the 
continuous series having a same transducer as another pair 
of the transducers in the continuous series. The continuous 
series includes at least a first pair of the transducers, a second 
pair of the transducers and a third pair of the transducers. 65 
The program includes an activation module configured to, in 
response to receiving at least part of the selection, cause 
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activation of the transducers of each pair of the transducers 
in the continuous series according to a sequence. The 
activation includes activating the transducers of the first pair 
after activating at least the transducers of the second and the 
third pairs according to the sequence. At least the first pair 
of the transducers is arranged in the continuous series 
between the second and the third pairs of the transducers in 
the continuous series. In some embodiments, the computer 
readable storage medium system is a non-transitory com 
puter-readable storage medium system including one or 
more non-transitory computer-readable storage mediums 
storing the program. 

In some embodiments, a method of ablating tissue with a 
catheter device system is executed. The catheter device 
system includes an energy source device system and a 
catheter device. The catheter device includes a plurality of 
transducers, the plurality of transducers arranged in a dis 
tribution, the distribution positionable in a bodily cavity, the 
bodily cavity defined by at least one tissue wall. The energy 
Source device system is connected to at least some of the 
plurality of transducers. The method may be summarized as 
including activating each pair of a plurality of pairs of 
adjacent transducers in the distribution to cause energy from 
the energy source device system to be delivered to each of 
the transducers in each pair of the plurality of pairs of 
adjacent transducers in the distribution to form a series of 
ablated regions in the tissue wall, each of the ablated regions 
in the series positioned one after the other in spatial Suc 
cession and corresponding to one of the plurality of pairs of 
adjacent transducers. Each pair of the plurality of pairs of 
adjacent transducers in the distribution has a same trans 
ducer as another pair of the plurality of pairs of adjacent 
transducers in the distribution, and each pair of the plurality 
of pairs of adjacent transducers in the distribution is acti 
vated in a sequence that causes at least one of the ablated 
regions in the series to be formed in a region of the tissue 
wall that has not been previously ablated. The region in the 
tissue wall that has not been ablated is positioned between 
at least two previously formed ones of the ablated regions in 
the series. 
The at least one of the ablated regions in the series may 

be spatially separated from at least one of the at least two 
previously formed ones of the ablated regions in the series. 
Each of the ablated regions in the series may be positioned 
one after the other in spatial Succession to form a continuous 
ablated region. Each of the ablated regions in the series may 
be adjacently positioned in the series between a respective 
pair of ablated regions in the series. 

Various methods may include combinations and Subsets 
of all those summarized above. 

In some embodiments, a catheter device system may be 
Summarized as including an energy source device system, a 
catheter device including a plurality of transducers, the 
plurality of transducers arranged in a distribution, the dis 
tribution positionable in a bodily cavity, the bodily cavity 
defined by at least one tissue wall, and the energy source 
device system connected to at least Some of the plurality of 
transducers. The catheter device system includes a data 
processing device system connected to at least the energy 
Source device system and configured at least to activate each 
pair of a plurality of pairs of adjacent transducers in the 
distribution to cause energy from the energy source device 
system to be delivered to each of the transducers in each pair 
of the plurality of pairs of adjacent transducers in the 
distribution, the energy sufficient to form a series of ablated 
regions in the tissue wall, each of the ablated regions in the 
series positioned one after the other in spatial Succession and 
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corresponding to one of the plurality of pairs of adjacent 
transducers. Each pair of the plurality of pairs of adjacent 
transducers in the distribution has a same transducer as 
another pair of the plurality of pairs of adjacent transducers 
in the distribution. Each pair of the plurality of pairs of 
adjacent transducers in the distribution is activated in a 
sequence that causes at least one of the ablated regions in the 
series to be formed in a region of the tissue wall that has not 
been previously ablated, the region in the tissue wall that has 
not been ablated being positioned between at least two 
previously formed ones of the ablated regions in the series. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to at 
least an energy source device system, which is connected to 
at least some of a plurality of transducers of a catheter 
device, the plurality of transducers arranged in a distribu 
tion, the distribution positionable in a bodily cavity, the 
bodily cavity defined by at least one tissue wall. The 
program includes an activation module configured to cause 
activation of each pair of a plurality of pairs of adjacent 
transducers in the distribution to cause energy from the 
energy source device system to be delivered to each of the 
transducers in each pair of the plurality of pairs of adjacent 
transducers in the distribution, the energy sufficient to form 
a series of ablated regions in the tissue wall, each of the 
ablated regions in the series positioned one after the other in 
spatial Succession and corresponding to one of the plurality 
of pairs of adjacent transducers. Each pair of the plurality of 
pairs of adjacent transducers in the distribution has a same 
transducer as another pair of the plurality of pairs of adjacent 
transducers in the distribution. Each pair of the plurality of 
pairs of adjacent transducers in the distribution is activated 
in a sequence that causes at least one of the ablated regions 
in the series to be formed in a region of the tissue wall that 
has not been previously ablated, the region in the tissue wall 
that has not been ablated being positioned between at least 
two previously formed ones of the ablated regions in the 
series. In some embodiments, the computer-readable storage 
medium system is a non-transitory computer-readable stor 
age medium system including one or more non-transitory 
computer-readable storage mediums storing the program. 

In some embodiments, a medical device system may be 
Summarized as including a data processing device system, 
an input-output device system communicatively connected 
to the data processing device system. The input-output 
device system includes a catheter device, an energy source 
device system, and a sensing device system. The catheter 
device includes a structure and a plurality of transducers 
located on the structure, the plurality of transducers arranged 
in a distribution, and the plurality of transducers position 
able in a bodily cavity. The medical device system includes 
a memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The memory 
device system further stores target temperature information 
associated with a respective target temperature for each 
transducer of a first pair of adjacent ones of the transducers 
in the distribution, the respective target temperatures asso 
ciated with the transducers of the first pair of adjacent ones 
of the transducers in the distribution having different values. 
The program includes energy delivery instructions config 
ured to selectively cause energy from the energy source 
device system to be delivered to both transducers of the first 
pair of adjacent ones of the transducers in the distribution. 
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The program includes thermal sensing instructions config 
ured to cause reception of detected temperature information 
indicating respective temperatures detected by the sensing 
device system at respective locations at least proximate each 
of at least some of the plurality of transducers in the 
distribution. The energy delivery instructions are configured 
to cause the energy delivered to at least one transducer of the 
first pair of adjacent ones of the transducers in the distribu 
tion to be adjusted based at least on a difference between the 
respective temperature detected by the sensing device sys 
tem at the respective location at least proximate a first 
transducer of the first pair of adjacent ones of the transducers 
in the distribution and the respective target temperature 
associated with the first transducer of the first pair of 
adjacent ones of the transducers in the distribution. 

Each of the transducers of the first pair of adjacent ones 
of the transducers in the distribution may include a respec 
tive electrode having an energy transmission Surface, each 
energy transmission Surface having a respective correspond 
ing size. The respective corresponding sizes of the respec 
tive electrodes of the transducers of the first pair of adjacent 
ones of the transducers in the distribution may have different 
magnitudes. The corresponding size of each energy trans 
mission Surface may be a Surface area of the energy trans 
mission Surface. 

Each of the transducers of the first pair of adjacent ones 
of the transducers in the distribution may include a respec 
tive electrode having an energy transmission Surface. The 
respective electrode of each of the transducers of the first 
pair of adjacent ones of the transducers in the distribution 
may have a different shape. 
The energy delivery instructions may be configured to 

control the energy provided to the at least one transducer of 
the first pair of adjacent ones the transducers in the distri 
bution to maintain the temperature detected by the sensing 
device system at the location at least proximate the first 
transducer of the first pair of adjacent ones of the transducers 
in the distribution at or near the respective target temperature 
associated with the first transducer of the first pair of 
adjacent ones of the transducers in the distribution. The at 
least one transducer of the first pair of adjacent ones of the 
transducers in the distribution may include the first trans 
ducer of the first pair of adjacent ones of the transducers in 
the distribution. The at least one transducer of the first pair 
of adjacent ones of the transducers in the distribution may 
include a second transducer of the first pair of adjacent ones 
of the transducers in the distribution. The at least one 
transducer of the first pair of adjacent ones of the transducers 
in the distribution may include both transducers of the first 
pair of adjacent ones of the transducers in the distribution. 
The plurality of transducers may be arranged to form a 

plurality of different pairs of adjacent ones of the transducers 
in the distribution including the first pair of adjacent ones of 
the transducers in the distribution and at least a second pair 
of adjacent ones of the transducers in the distribution. The 
target temperature information stored by the memory device 
system may be further associated with a respective target 
temperature for each transducer of at least the second pair of 
adjacent ones of the transducers in the distribution. At least 
one of the respective target temperatures associated with the 
transducers of the second pair of adjacent ones of the 
transducers in the distribution may have a different value 
than each of the respective target temperatures associated 
with the transducers of the first pair of adjacent ones of the 
transducers in the distribution. The respective target tem 
peratures associated with the transducers of the second pair 
of adjacent ones of the transducers in the distribution may 



US 9,439,713 B2 
39 

have different values. Each of the respective target tempera 
tures associated with the transducers of the second pair of 
adjacent ones of the transducers in the distribution may have 
a different value than each of the respective target tempera 
tures associated with the transducers of the first pair of 
adjacent ones of the transducers in the distribution. Each of 
the transducers of the first and the second pairs of adjacent 
ones of the transducers in the distribution may include a 
respective electrode having an energy transmission Surface, 
each energy transmission Surface having a respective cor 
responding size. The respective corresponding size of the 
respective electrode of each of the at least one of the 
transducers of the first pair of adjacent ones of the trans 
ducers in the distribution may have a different magnitude 
than the respective corresponding size of the respective 
electrode of each of at least one of the transducers of the 
second pair of adjacent ones of the transducers in the 
distribution. The respective electrode of each of the at least 
one of the transducers of the first pair of adjacent ones of the 
transducers in the distribution may have a different shape 
than the respective electrode of each of at least one of the 
transducers of the second pair of adjacent ones of the 
transducers in the distribution. 

Each transducer in the distribution may be spaced apart 
from each of the other transducers in the distribution. The 
target temperature information may include different prede 
termined values for each of the target temperatures associ 
ated with the transducers of the first pair of adjacent ones of 
the transducers in the distribution. 

The program may include data reception instructions 
configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers 
in the distribution. The program may include positional 
determination instructions configured to cause a determina 
tion of spatial relationship between the transducer(s) that 
acquired the transducer data and the bodily cavity based at 
least on an analysis of the transducer data. The program may 
include target temperature determination instructions con 
figured to cause a determination of a value of each of at least 
one of the respective target temperatures associated with the 
transducers of the first pair of adjacent ones of the trans 
ducers in the distribution based at least on the determined 
spatial relationship. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers 
in the distribution. The program may include proximity 
determination instructions configured to cause a determina 
tion of a proximity of each transducer or each of the 
transducers that acquired the transducer data to an anatomi 
cal feature in the bodily cavity based at least on an analysis 
of the transducer data. The program may include target 
temperature determination instructions configured to cause a 
determination of a value of each of at least one of the 
respective target temperatures associated with the transduc 
ers of the first pair of adjacent ones of the transducers in the 
distribution based at least on the determined proximity or 
proximities to the anatomical feature in the bodily cavity. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers 
in the distribution. The program may include tissue deter 
mination instructions configured to cause a determination of 
a tissue characteristic in the bodily cavity based at least on 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

40 
an analysis of the transducer data. The program may include 
target temperature determination instructions configured to 
cause a determination of a value of each of at least one of the 
respective target temperatures associated with the transduc 
ers of the first pair of adjacent ones of the transducers in the 
distribution based at least on the determined tissue charac 
teristic. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers 
in the distribution. The program may include target tem 
perature determination instructions configured to cause a 
determination of a value of each of at least one of the 
respective target temperatures associated with the transduc 
ers of the first pair of adjacent ones of the transducers in the 
distribution based at least on an analysis of the transducer 
data. The energy delivery instructions may be configured to 
cause the energy to be delivered to the at least one transducer 
of the first pair of adjacent ones of the transducers in the 
distribution during, after completion of, or both during and 
after completion of the reception of the transducer data. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a medical device system may be 
Summarized as including a data processing device system, 
an input-output device system communicatively connected 
to the data processing device system. The input-output 
device system includes a catheter device, an energy source 
device system, and a sensing device system. The catheter 
device includes a structure and a plurality of transducers 
located on the structure, the plurality of transducers arranged 
in a distribution, and the plurality of transducers position 
able in a bodily cavity. The medical device system includes 
a memory device system communicatively connected to the 
data processing device system and storing a program execut 
able by the data processing device system. The memory 
device system further stores target temperature information 
associated with a respective target temperature for each 
transducer of a first pair of adjacent ones of the transducers 
in the distribution, the respective target temperatures asso 
ciated with the transducers of the first pair of adjacent ones 
of the transducers in the distribution having different values. 
The data processing device system is configured by the 
program at least to selectively cause energy from the energy 
source device system to be delivered to both transducers of 
the first pair of adjacent ones of the transducers in the 
distribution. The data processing device system is config 
ured by the program at least to receive detected temperature 
information indicating respective temperatures detected by 
the sensing device system at respective locations at least 
proximate each of at least some of the plurality of transduc 
ers in the distribution. The data processing device system is 
configured by the program at least to cause the energy 
delivered to at least one transducer of the first pair of 
adjacent ones of the transducers in the distribution to be 
adjusted based at least on a difference between the respective 
temperature detected by the sensing device system at the 
respective location at least proximate a first transducer of the 
first pair of adjacent ones of the transducers in the distribu 
tion and the respective target temperature associated with 
the first transducer of the first pair of adjacent ones of the 
transducers in the distribution. 

In some embodiments, a method is executed by a data 
processing device system according to a program stored by 
a memory device system communicatively connected to the 
data processing device system, the data processing device 
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system further communicatively connected to an input 
output device system. The input-output device system 
includes a catheter device, an energy source device system, 
and a sensing device system. The catheter device includes a 
structure and a plurality of transducers located on the 
structure, the plurality of transducers arranged in a distri 
bution, the plurality of transducers positionable in a bodily 
cavity. The method may be summarized as including storing, 
in the memory device system, target temperature informa 
tion associated with a respective target temperature for each 
transducer of a first pair of adjacent ones of the transducers 
in the distribution, the respective target temperatures asso 
ciated with the transducers of the first pair of adjacent ones 
of the transducers in the distribution having different values. 
The method includes selectively causing energy from the 
energy source device system to be delivered to both trans 
ducers of the first pair of adjacent ones of the transducers in 
the distribution. The method includes receiving detected 
temperature information indicating respective temperatures 
detected by the sensing device system at respective locations 
at least proximate each of at least some of the plurality of 
transducers in the distribution. The method includes causing 
the energy delivered to at least one transducer of the first pair 
of adjacent ones of the transducers in the distribution to be 
adjusted based at least on a difference between the respective 
temperature detected by the sensing device system at the 
respective location at least proximate a first transducer of the 
first pair of adjacent ones of the transducers in the distribu 
tion and the respective target temperature associated with 
the first transducer of the first pair of adjacent ones of the 
transducers in the distribution. 

In some embodiments, a computer-readable storage 
medium system may be summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The input-output device system 
includes a catheter device, an energy source device system, 
and a sensing device system. The catheter device includes a 
structure and a plurality of transducers located on the 
structure, the plurality of transducers arranged in a distri 
bution, the plurality of transducers positionable in a bodily 
cavity. The program includes a storing module configured to 
store, in the memory device system, target temperature 
information associated with a respective target temperature 
for each transducer of a first pair of adjacent ones of the 
transducers in the distribution, the respective target tempera 
tures associated with the transducers of the first pair of 
adjacent ones of the transducers in the distribution having 
different values. The program includes an energy delivery 
module configured to selectively cause energy from the 
energy source device system to be delivered to both trans 
ducers of the first pair of adjacent ones of the transducers in 
the distribution. The program includes a thermal sensing 
module configured to cause reception of detected tempera 
ture information indicating respective temperatures detected 
by the sensing device system at respective locations at least 
proximate each of at least some of the plurality of transduc 
ers in the distribution. The energy delivery module is con 
figured to cause the energy delivered to at least one trans 
ducer of the first pair of adjacent ones of the transducers in 
the distribution to be adjusted based at least on a difference 
between the respective temperature detected by the sensing 
device system at the respective location at least proximate a 
first transducer of the first pair of adjacent ones of the 
transducers in the distribution and the respective target 
temperature associated with the first transducer of the first 
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pair of adjacent ones of the transducers in the distribution. 
In some embodiments, the computer-readable storage 
medium system is a non-transitory computer-readable Stor 
age medium system including one or more non-transitory 
computer-readable storage mediums storing the program. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, the input 
output device system including a transducer-based device, 
an energy source device system, and a sensing device 
system. The transducer-based device includes a structure 
and a plurality of transducers located on the structure, the 
plurality of transducers arranged in a distribution, and the 
plurality of transducers positionable in a bodily cavity. The 
sensing device system is configured to detect temperature at 
each of a plurality of locations, one of the plurality of 
locations at least proximate a first transducer of a pair of the 
transducers in the distribution. The transducer-activation 
system includes a memory device system communicatively 
connected to the data processing device system and storing 
a program executable by the data processing device system. 
The memory device system further stores information asso 
ciated with a respective set of one or more target tempera 
tures for each of a number of the transducers in the distri 
bution, the respective set of one or more target temperatures 
associated with the first transducer of the pair of transducers 
including a first target temperature and a second target 
temperature having a different value than the first target 
temperature. The program includes energy delivery instruc 
tions configured to selectively cause energy from the energy 
source device system to be delivered to each transducer of 
the pair of the transducers in the distribution. The program 
includes first adjustment instructions configured to, when 
the pair of the transducers includes a second transducer 
different than the first transducer, cause adjustment of the 
energy delivered from the energy source device system to 
the first transducer, the second transducer, or both the first 
transducer and the second transducer of the pair of the 
transducers in the distribution based at least on a difference 
between (a) the temperature detected by the sensing device 
system at the location at least proximate the first transducer 
of the pair of the transducers, and (b) the first target 
temperature. The program includes second adjustment 
instructions configured to, when the pair of the transducers 
includes a third transducer different than the second trans 
ducer and the first transducer, cause adjustment of the energy 
delivered from the energy source device system to the first 
transducer, the third transducer, or both the first transducer 
and the third transducer of the pair of the transducers in the 
distribution based at least on a difference between (c) the 
temperature detected by the sensing device at the location at 
least proximate the first transducer of the pair of the trans 
ducers, and (d) the second target temperature. 

Each of the first, the second and the third transducers may 
include a respective electrode having an energy transmission 
Surface, each energy transmission Surface having a respec 
tive corresponding size. The respective corresponding size 
of the respective electrode of the second transducer may 
have a different magnitude than the respective correspond 
ing size of the respective electrode of the third transducer. 
The respective corresponding sizes of the respective elec 
trodes of the first, the second, and the third transducers may 
have different magnitudes. The respective corresponding 
size of each energy transmission Surface may be a surface 
area of the energy transmission Surface. 



US 9,439,713 B2 
43 

The first transducer may be spaced from the second 
transducer in the distribution by a first distance and the first 
transducer may be spaced from the third transducer in the 
distribution by a second distance, the second distance dif 
ferent than the first distance. 
A first region of space that is associated with a physical 

part of the structure may be located between the first 
transducer and the second transducer, and a second region of 
space that is not associated with any physical part of the 
structure may be located between the first transducer and the 
third transducer. 

The structure may include a plurality of elongate mem 
bers. The structure may be selectively moveable between a 
delivery configuration in which the structure is sized to be 
percutaneously delivered to the bodily cavity and a deployed 
configuration in which the structure has a size too large to be 
percutaneously delivered to the bodily cavity. Each of the 
first and the second transducers in the distribution may be 
located on a first elongate member of the plurality of 
elongate members, and the third transducer in the distribu 
tion may be located on a second elongate member of the 
plurality of elongate members, the second elongate member 
different from the first elongate member. 

Each of the first transducer and the second transducer may 
form a first pair of adjacent ones of the transducers in the 
distribution and each of the first transducer and the third 
transducer may form a second pair of adjacent ones of the 
transducers in the distribution. The energy delivered to each 
transducer of the pair of the transducers in the distribution 
may be sufficient for ablating tissue in the bodily cavity. A 
portion of the energy delivered to each transducer of the pair 
of the transducers in the distribution may be delivered 
between the transducers of the pair of the transducers in the 
distribution. The transducer-activation system may further 
include at least one indifferent electrode positionable to 
receive a portion of the energy delivered to each transducer 
of the pair of the transducers in the distribution. 
The input-output device system may include at least one 

display and the program may further include display instruc 
tions configured to cause generation of an image including 
a plurality of graphical elements on a display region of the 
at least one display, and reception instructions configured to 
cause reception of independent user-selections, via the 
input-output device system, of each of at least some of the 
plurality of graphical elements to select at least the first 
transducer, the second transducer, or the third transducer in 
the distribution. The independent user-selections may 
include an independent user-selection of a single one of the 
plurality of graphical elements that selects either a first 
transducer set that includes at least the first and the second 
transducers in the distribution, or a second transducer set 
that includes at least the first and the third transducers in the 
distribution. 
The structure may include a plurality of elongate mem 

bers. Each elongate member of the plurality of elongate 
members may include a proximal end, a distal end and an 
intermediate portion positioned between the proximal and 
distal ends, the respective intermediate portion of each 
elongate member of the plurality of elongate members 
including a thickness, a front Surface and a back Surface 
opposite across the thickness from the front surface. The 
structure may be selectively moveable between a delivery 
configuration in which the respective intermediate portions 
of the plurality of elongate members are arranged front 
Surface-toward-back Surface in a stacked array sized to be 
percutaneously delivered to the bodily cavity and a deployed 
configuration in which the structure has a size too large to be 
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percutaneously delivered to the bodily cavity. The structure 
may include a proximal portion and a distal portion, each of 
the proximal and the distal portions including a respective 
part of each of the plurality of elongate members. The 
proximal portion of the structure may form a first domed 
shape and the distal portion of the structure may form a 
second domed shape when the structure is in the deployed 
configuration. 
The structure may include a proximal portion and a distal 

portion. The structure may be selectively moveable between 
a delivery configuration in which the structure is sized for 
percutaneous delivery to the bodily cavity, the structure 
arranged to be advanced distal portion first into the bodily 
cavity, and a deployed configuration in which the structure 
is sized too large to be delivered percutaneously to the 
bodily cavity. The proximal portion of the structure may 
form a first domed shape and the distal portion of the 
structure may form a second domed shape when the struc 
ture is in the deployed configuration. The proximal and the 
distal portions of the structure may be arranged in a clam 
shell configuration when the structure is in the deployed 
configuration. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include positional determination instruc 
tions configured to cause a determination of spatial relation 
ship between the at least some of the plurality of transducers 
and the bodily cavity based at least on an analysis of the 
transducer data. The program may include target tempera 
ture determination instructions configured to cause a deter 
mination of a value of the first target temperature, the second 
target temperature, or both a value of each of the first and the 
second target temperatures based at least on the determined 
spatial relationship. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include proximity determination instruc 
tions configured to cause a determination of a proximity of 
each of the at least some of the plurality of transducers to an 
anatomical feature in the bodily cavity based at least on an 
analysis of the transducer data. The program may include 
target temperature determination instructions configured to 
cause a determination of a value of the first target tempera 
ture, the second target temperature, or both a value of each 
of the first and the second target temperatures based at least 
on the determined proximity of each of the at least some of 
the plurality of transducers to the anatomical feature in the 
bodily cavity. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include tissue determination instructions 
configured to cause a determination of a tissue characteristic 
in the bodily cavity based at least on an analysis of the 
transducer data. The program may include target tempera 
ture determination instructions configured to cause a deter 
mination of a value of the first target temperature, the second 
target temperature, or both a value of each of the first and the 
second target temperatures based at least on the determined 
tissue characteristic. 
The program may include data reception instructions 

configured to cause a reception of transducer data via the 
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input-output device system, the transducer data indicating 
data acquired by at least some of the plurality of transducers. 
The program may include target temperature determination 
instructions configured to cause a determination of a value 
of the first target temperature, the second target temperature, 
or both a value of each of the first and the second target 
temperatures based at least on an analysis of the transducer 
data. The energy delivery instructions may be configured to 
selectively cause the energy from the energy source device 
system to be delivered to each transducer of the pair of 
transducers in the distribution during or after completion of 
the reception of the transducer data. 

Various systems may include combinations and Subsets of 
all those Summarized above. 

In some embodiments, a transducer-activation system 
may be summarized as including a data processing device 
system, an input-output device system communicatively 
connected to the data processing device system, the input 
output device system including a transducer-based device, 
an energy source device system, and a sensing device 
system. The transducer-based device includes a structure 
and a plurality of transducers located on the structure, the 
plurality of transducers arranged in a distribution, and the 
plurality of transducers positionable in a bodily cavity. The 
sensing device system is configured to detect temperature at 
each of a plurality of locations, one of the plurality of 
locations at least proximate a first transducer of a pair of the 
transducers in the distribution. The transducer-activation 
system includes a memory device system communicatively 
connected to the data processing device system and storing 
a program executable by the data processing device system. 
The memory device system further stores information asso 
ciated with a respective set of one or more target tempera 
tures for each of a number of the transducers in the distri 
bution, the respective set of one or more target temperatures 
associated with the first transducer of the pair of transducers 
including a first target temperature and a second target 
temperature having a different value than the first target 
temperature. The data processing device system is config 
ured by the program at least to selectively cause energy from 
the energy source device system to be delivered to each 
transducer of the pair of the transducers in the distribution. 
The data processing device system is configured by the 
program at least to cause, when the pair of the transducers 
includes a second transducer different than the first trans 
ducer, adjustment of the energy delivered from the energy 
Source device system to the first transducer, the second 
transducer, or both the first transducer and the second 
transducer of the pair of the transducers in the distribution 
based at least on a difference between (a) the temperature 
detected by the sensing device system at the location at least 
proximate the first transducer of the pair of the transducers, 
and (b) the first target temperature. The data processing 
device system is configured by the program at least to cause, 
when the pair of the transducers includes a third transducer 
different than the second transducer and the first transducer, 
adjustment of the energy delivered from the energy source 
device system to the first transducer, the third transducer, or 
both the first transducer and the third transducer of the pair 
of the transducers in the distribution based at least on a 
difference between (c) the temperature detected by the 
sensing device at the location at least proximate the first 
transducer of the pair of the transducers, and (d) the second 
target temperature. 

In some embodiments, a transducer-activation method is 
executed by a data processing device system according to a 
program stored by a memory device system communica 
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tively connected to the data processing device system, the 
data processing device system further communicatively con 
nected to an input-output device system. The input-output 
device system includes a transducer-based device, an energy 
Source device system, and a sensing device system. The 
transducer-based device includes a structure and a plurality 
of transducers located on the structure, the plurality of 
transducers arranged in a distribution, and the plurality of 
transducers positionable in a bodily cavity. The sensing 
device system is configured to detect temperature at each of 
a plurality of locations, one of the plurality of locations at 
least proximate a first transducer of a pair of the transducers 
in the distribution. The memory device system further stores 
information associated with a respective set of one or more 
target temperatures for each of a number of the transducers 
in the distribution, the respective set of one or more target 
temperatures associated with the first transducer of the pair 
of transducers including a first target temperature and a 
second target temperature having a different value than the 
first target temperature. The method may be summarized as 
including selectively causing energy from the energy source 
device system to be delivered to each transducer of the pair 
of the transducers in the distribution. The method includes 
causing, when the pair of the transducers includes a second 
transducer different than the first transducer, adjustment of 
the energy delivered from the energy source device system 
to the first transducer, the second transducer, or both the first 
transducer and the second transducer of the pair of the 
transducers in the distribution based at least on a difference 
between (a) the temperature detected by the sensing device 
system at the location at least proximate the first transducer 
of the pair of the transducers, and (b) the first target 
temperature. The method includes causing, when the pair of 
the transducers includes a third transducer different than the 
second transducer and the first transducer, adjustment of the 
energy delivered from the energy source device system to 
the first transducer, the third transducer, or both the first 
transducer and the third transducer of the pair of the trans 
ducers in the distribution based at least on a difference 
between (c) the temperature detected by the sensing device 
at the location at least proximate the first transducer of the 
pair of the transducers, and (d) the second target tempera 
ture. 

In some embodiments, a computer-readable storage 
medium system may be Summarized as including one or 
more computer-readable storage mediums storing a program 
executable by one or more data processing devices of a data 
processing device system communicatively connected to an 
input-output device system. The input-output device system 
includes a transducer-based device, an energy source device 
system, and a sensing device system. The transducer-based 
device includes a structure and a plurality of transducers 
located on the structure, the plurality of transducers arranged 
in a distribution, and the plurality of transducers position 
able in a bodily cavity. The sensing device system is 
configured to detect temperature at each of a plurality of 
locations, one of the plurality of locations at least proximate 
a first transducer of a pair of the transducers in the distri 
bution. The program includes a storage module configured 
to store, in a memory device system, information associated 
with a respective set of one or more target temperatures for 
each of a number of the transducers in the distribution, the 
respective set of one or more target temperatures associated 
with the first transducer of the pair of transducers including 
a first target temperature and a second target temperature 
having a different value than the first target temperature. The 
program includes an energy delivery module configured to 



US 9,439,713 B2 
47 

selectively cause energy from the energy source device 
system to be delivered to each transducer of the pair of the 
transducers in the distribution. The program includes a first 
adjustment module configured to, when the pair of the 
transducers includes a second transducer different than the 
first transducer, cause adjustment of the energy delivered 
from the energy source device system to the first transducer, 
the second transducer, or both the first transducer and the 
second transducer of the pair of the transducers in the 
distribution based at least on a difference between (a) the 
temperature detected by the sensing device system at the 
location at least proximate the first transducer of the pair of 
the transducers, and (b) the first target temperature. The 
program includes a second adjustment module configured 
to, when the pair of the transducers includes a third trans 
ducer different than the second transducer and the first 
transducer, cause adjustment of the energy delivered from 
the energy source device system to the first transducer, the 
third transducer, or both the first transducer and the third 
transducer of the pair of the transducers in the distribution 
based at least on a difference between (c) the temperature 
detected by the sensing device at the location at least 
proximate the first transducer of the pair of the transducers, 
and (d) the second target temperature. In some embodi 
ments, the computer-readable storage medium system is a 
non-transitory computer-readable storage medium system 
including one or more non-transitory computer-readable 
storage mediums storing the program. 

Various systems may include combinations and Subsets of 
all the systems Summarized above. 

Various methods may include combinations and subsets 
of all the methods summarized above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

It is to be understood that the attached drawings are for 
purposes of illustrating aspects of various embodiments and 
may include elements that are not to Scale. 

FIG. 1 illustrates a schematic representation of a trans 
ducer-activation system according to various example 
embodiments, the transducer-activation system including a 
data processing device system, an input-output device sys 
tem, and a memory device system. 

FIG. 2 illustrates a cutaway diagram of a heart showing a 
transducer-based device percutaneously placed in a left 
atrium of the heart according to various example embodi 
mentS. 

FIG. 3A illustrates a partially schematic representation of 
a medical system according to various example embodi 
ments, the medical system including a data processing 
device system, an input-output device system, a memory 
device system, and a transducer-based device having a 
plurality of transducers and an expandable structure shown 
in a delivery or unexpanded configuration. 

FIG. 3B illustrates the representation of the medical 
system of FIG. 3A with the expandable structure shown in 
a deployed or expanded configuration. 

FIG. 4 illustrates a schematic representation of a trans 
ducer-based device that includes a flexible circuit structure 
according to various example embodiments. 

FIG. 5A illustrates a graphical interface providing a 
graphical representation of at least a portion of a transducer 
based device according to various example embodiments, 
the graphical representation including a plurality of graphi 
cal elements including a plurality of transducer graphical 
elements and a plurality of between graphical elements. 
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FIG. 5B illustrates the graphical representation provided 

by the graphical interface of FIG. 5A with at least some of 
the transducer graphical elements identified by identification 
labels. 

FIG. 5C illustrates the graphical representation provided 
by the graphical interface of FIG. 5A with the addition of 
various regions determined based at least on an analysis of 
transducer data. 

FIG. 5D illustrates the graphical representation of FIG. 
5C depicted two-dimensionally. 
FIG.5E illustrates the graphical representation of FIG. 5C 

with a graphical element selected in accordance with various 
example embodiments. 
FIG.5F illustrates the graphical representation of FIG. 5C 

with an addition of a depicted path. 
FIGS. 5G and 5H illustrate the graphical representation of 

FIG. 5F associated with two successive activations of vari 
ous transducer sets selected according to a first sequence but 
activated according to a second sequence different from the 
first sequence. 

FIG.5I illustrates the graphical representation of FIG. 5F 
after the completion of the activation of all the various 
transducer sets according to the second sequence. 

FIG. 5J illustrates a graphical interface providing a 
graphical representation of at least a portion of a transducer 
based device according to various example embodiments. 

FIG. 6 illustrates a graphical interface providing a graphi 
cal representation of at least a portion of a transducer-based 
device according to various example embodiments. 

FIG. 7A illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to Some example embodiments. 

FIG. 7B illustrates an exploded view of some of the 
blocks of the block diagram of FIG. 7A according to some 
example embodiments. 

FIG. 8 illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to various example embodiments. 

FIG. 9 illustrates a block diagram of a method for 
displaying a visual representation of an ablation path accord 
ing to various example embodiments. 

FIG. 10 illustrates an exploded view of some of the blocks 
of the block diagram of FIG. 8, according to some example 
embodiments. 

FIG. 11 illustrates a graph that compares (a) a temperature 
profile associated with concurrent activation of five trans 
ducers, (b) a temperature profile associated with concurrent 
activation of two pairs of adjacent transducers, the two pairs 
of adjacent transducers separated by a non-activated trans 
ducer, and (c) activation of a single pair of transducers. 

FIG. 12 illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to various example embodiments. 

FIG. 13 illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to various example embodiments. 

FIG. 14 illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to various example embodiments. 

FIG. 15A illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to various example embodiments. 

FIG. 15B illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to various example embodiments. 
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FIG. 16 illustrates a block diagram of a method for 
activating transducers of a transducer-based device accord 
ing to various example embodiments. 

DETAILED DESCRIPTION 

In the following description, certain specific details are set 
forth in order to provide a thorough understanding of various 
embodiments of the invention. However, one skilled in the 
art will understand that the invention may be practiced 
without these details. In other instances, well-known struc 
tures (e.g., structures associated with radio-frequency (RF) 
ablation and electronic controls such as multiplexers) have 
not been shown or described in detail to avoid unnecessarily 
obscuring descriptions of various embodiments of the inven 
tion. 

Reference throughout this specification to “one embodi 
ment” or “an embodiment' or “an example embodiment” or 
“an illustrated embodiment’ or “a particular embodiment' 
and the like means that a particular feature, structure or 
characteristic described in connection with the embodiment 
is included in at least one embodiment. Thus, the appear 
ances of the phrases “in one embodiment' or “in an embodi 
ment” or “in an example embodiment” or “in this illustrated 
embodiment' or “in this particular embodiment and the like 
in various places throughout this specification are not nec 
essarily all referring to one embodiment or a same embodi 
ment. Furthermore, the particular features, structures or 
characteristics of different embodiments may be combined 
in any suitable manner to form one or more other embodi 
mentS. 

It is noted that, unless otherwise explicitly noted or 
required by context, the word 'or' is used in this disclosure 
in a non-exclusive sense. In addition, unless otherwise 
explicitly noted or required by context, the word “set is 
intended to mean one or more. 

Further, the phrase “at least’ is used herein at times to 
emphasize the possibility that other elements can exist 
besides those explicitly listed. However, unless otherwise 
explicitly noted (such as by the use of the term “only”) or 
required by context, non-usage herein of the phrase “at 
least does not exclude the possibility that other elements 
can exist besides those explicitly listed. For example, the 
phrase, “activation of at least transducer A' includes acti 
vation of transducer A by itself, as well as activation of 
transducer A and activation of one or more other additional 
elements besides transducer A. In the same manner, the 
phrase, “activation of transducer A' includes activation of 
transducer A by itself, as well as activation of transducer A 
and activation of one or more other additional elements 
besides transducer A. However, the phrase, “activation of 
only transducer A' includes only activation of transducer A, 
and excludes activation of any other transducers besides 
transducer A. 

The word “ablation' as used in this disclosure should be 
understood to include any disruption to certain properties of 
tissue. Most commonly, the disruption is to the electrical 
conductivity and is achieved by heating, which can be 
generated with resistive or radio-frequency (RF) techniques 
for example. Other properties, such as mechanical or chemi 
cal, and other means of disruption, such as optical, are 
included when the term “ablation' is used. 
The word “fluid as used in this disclosure should be 

understood to include any fluid that can be contained within 
a bodily cavity or can flow into or out of, or both into and 
out of a bodily cavity via one or more bodily openings 
positioned in fluid communication with the bodily cavity. In 
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the case of cardiac applications, fluid such as blood will flow 
into and out of various intra-cardiac cavities (e.g., a left 
atrium or right atrium). 
The words “bodily opening as used in this disclosure 

should be understood to include a naturally occurring bodily 
opening or channel or lumen; a bodily opening or channel or 
lumen formed by an instrument or tool using techniques that 
can include, but are not limited to, mechanical, thermal, 
electrical, chemical, and exposure or illumination tech 
niques; a bodily opening or channel or lumen formed by 
trauma to a body; or various combinations of one or more of 
the above. Various elements having respective openings, 
lumens or channels and positioned within the bodily opening 
(e.g., a catheter sheath) may be present in various embodi 
ments. These elements may provide a passageway through a 
bodily opening for various devices employed in various 
embodiments. 
The words “bodily cavity” as used in this disclosure 

should be understood to mean a cavity in a body. The bodily 
cavity may be a cavity provided in a bodily organ (e.g., an 
intra-cardiac cavity of a heart). 
The word “tissue' as used in some embodiments in this 

disclosure should be understood to include any Surface 
forming tissue that is used to form a Surface of a body or a 
Surface within a bodily cavity, a Surface of an anatomical 
feature or a surface of a feature associated with a bodily 
opening positioned in fluid communication with the bodily 
cavity. The tissue can include part or all of a tissue wall or 
membrane that defines a surface of the bodily cavity. In this 
regard, the tissue can form an interior Surface of the cavity 
that surrounds a fluid within the cavity. In the case of cardiac 
applications, tissue can include tissue used to form an 
interior Surface of an intra-cardiac cavity Such as a left 
atrium or right atrium. In some embodiments, the word 
tissue can refer to a tissue having fluidic properties (e.g., 
blood). 
The term “transducer as used in this disclosure should be 

interpreted broadly as any device capable of distinguishing 
between fluid and tissue, sensing temperature, creating heat, 
ablating tissue, measuring electrical activity of a tissue 
Surface, stimulating tissue, or any combination thereof. A 
transducer can convert input energy of one form into output 
energy of another form. Without limitation, a transducer can 
include an electrode that functions as, or as part of a sensing 
device included in the transducer, an energy delivery device 
included in the transducer, or both a sensing device and an 
energy delivery device included in the transducer. A trans 
ducer may be constructed from several parts, which may be 
discrete components or may be integrally formed. In this 
regard, although transducers, electrodes, or both transducers 
and electrodes are referenced with respect to various 
embodiments, it is understood that other transducers or 
transducer elements may be employed in other embodi 
ments. It is understood that a reference to a particular 
transducer in various embodiments may also imply a refer 
ence to an electrode, as an electrode may be part of the 
transducer as shown, e.g., with FIG. 4 discussed below. 
The term “activation' as used in this disclosure should be 

interpreted broadly as making active a particular function as 
related to various transducers disclosed in this disclosure. 
Particular functions can include, but are not limited to, tissue 
ablation, sensing electrophysiological activity, sensing tem 
perature and sensing electrical characteristics (e.g., tissue 
impedance). For example, in Some embodiments, activation 
of a tissue ablation function of a particular transducer is 
initiated by causing energy Sufficient for tissue ablation from 
an energy source device system to be delivered to the 



US 9,439,713 B2 
51 

particular transducer. Alternatively, in this example, the 
activation can be deemed to be initiated when the particular 
transducer causes a temperature Sufficient for the tissue 
ablation due to the energy provided by the energy source 
device system. Also in this example, the activation can last 
for a duration of time concluding when the ablation function 
is no longer active, such as when energy Sufficient for the 
tissue ablation is no longer provided to the particular trans 
ducer. Alternatively, in this example, the activation period 
can be deemed to be concluded when the temperature caused 
by the particular transducer is below the temperature suffi 
cient for the tissue ablation. In some contexts, however, the 
word “activation' can merely refer to the initiation of the 
activating of a particular function, as opposed to referring to 
both the initiation of the activating of the particular function 
and the Subsequent duration in which the particular function 
is active. In these contexts, the phrase or a phrase similar to 
“activation initiation” may be used. 
The term “program' in this disclosure should be inter 

preted as a set of instructions or modules that can be 
executed by one or more components in a system, Such a 
controller system or data processing device system, in order 
to cause the system to perform one or more operations. The 
set of instructions or modules can be stored by any kind of 
memory device, such as those described Subsequently with 
respect to the memory device system 130 shown in FIG. 1. 
In addition, this disclosure sometimes describes that the 
instructions or modules of a program are configured to cause 
the performance of a function. The phrase “configured to in 
this context is intended to include at least (a) instructions or 
modules that are presently in a form executable by one or 
more data processing devices to cause performance of the 
function (e.g., in the case where the instructions or modules 
are in a compiled and unencrypted form ready for execu 
tion), and (b) instructions or modules that are presently in a 
form not executable by the one or more data processing 
devices, but could be translated into the form executable by 
the one or more data processing devices to cause perfor 
mance of the function (e.g., in the case where the instruc 
tions or modules are encrypted in a non-executable manner, 
but through performance of a decryption process, would be 
translated into a form ready for execution). The word 
"module' can be defined as a set of instructions. 
The word “device' and the phrase “device system’ both 

are intended to include one or more physical devices or 
Sub-devices (e.g., pieces of equipment) that interact to 
perform one or more functions, regardless of whether Such 
devices or sub-devices are located within a same housing or 
different housings. In this regard, for example, this disclo 
sure sometimes refers to a “catheter device', but such 
catheter device could equivalently be referred to as a “cath 
eter device system'. 

In some contexts, the term “adjacent is used in this 
disclosure to refer to objects that do not have another 
substantially similar object between them. For example, 
object A and object B could be considered adjacent if they 
contact each other (and, thus, it could be considered that no 
other object is between them), or if they do not contact each 
other, but no other object that is substantially similar to 
object A, object B, or both objects A and B, depending on 
context, is between them. 

Further, the phrase “in response to commonly is used in 
this disclosure. For example, this phrase might be used in the 
following context, where an event A occurs in response to 
the occurrence of an event B. In this regard, Such phrase can 
include, for example, that at least the occurrence of the event 
B causes or triggers the event A. 
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Further still, example methods are described herein with 

respect to FIGS. 7A, 7B, 8, 9, 10, 12, 13, 14, 15A, 15B and 
16. Such figures are described to include blocks associated 
with instructions. It should be noted that the respective 
instructions associated, e.g., with each of blocks 1206A and 
1206B, or any other method blocks herein, need not be 
separate instructions and may be combined with other 
instructions to form a combined instruction set. In this 
regard, the blocks shown in each of the method figures 
herein are not intended to illustrate an actual structure of any 
program or set of instructions, and Such method figures, 
according to some embodiments, merely illustrate the tasks 
that instructions are configured to perform upon execution 
by a data processing device system in conjunction with 
interactions with one or more other devices or device 
systems. 

FIG. 1 schematically illustrates a system 100 for activat 
ing transducers, according to some embodiments. The sys 
tem 100 includes a data processing device system 110, an 
input-output device system 120, and a processor-accessible 
memory device system 130. The processor-accessible 
memory device system 130 and the input-output device 
system 120 are communicatively connected to the data 
processing device system 110. 
The data processing device system 110 includes one or 

more data processing devices that implement or execute, in 
conjunction with other devices, such as those in the system 
100, the methods of various embodiments, including the 
example methods of FIGS. 7A, 7B, 8, 9, 10, 12, 13, 14, 15A, 
15B and 16 described herein. Each of the phrases “data 
processing device', 'data processor”, “processor', and 
“computer is intended to include any data processing 
device, such as a central processing unit (“CPU”), a desktop 
computer, a laptop computer, a mainframe computer, tablet 
computer, a personal digital assistant, a cellular phone, and 
any other device for processing data, managing data, or 
handling data, whether implemented with electrical, mag 
netic, optical, biological components, or otherwise. 
The memory device system 130 includes one or more 

processor-accessible memory devices configured to store 
information, including the information needed to execute the 
methods of various embodiments, including the example 
methods of FIGS. 7A, 7B, 8, 9, 10, 12, 13, 14, 15A, 15B and 
16 described herein. The memory device system 130 may be 
a distributed processor-accessible memory device system 
including multiple processor-accessible memory devices 
communicatively connected to the data processing device 
system 110 via a plurality of computers and/or devices. On 
the other hand, the memory device system 130 need not be 
a distributed processor-accessible memory system and, con 
sequently, may include one or more processor-accessible 
memory devices located within a single data processing 
device. 

Each of the phrases “processor-accessible memory” and 
“processor-accessible memory device' is intended to 
include any processor-accessible data storage device, 
whether volatile or nonvolatile, electronic, magnetic, opti 
cal, or otherwise, including but not limited to, registers, 
floppy disks, hard disks, Compact Discs, DVDs, flash 
memories, ROMs, and RAMs. In some embodiments, each 
of the phrases “processor-accessible memory” and “proces 
sor-accessible memory device' is intended to include a 
non-transitory computer-readable storage medium. And in 
some embodiments, the memory device system 130 can be 
considered a non-transitory computer-readable storage 
medium system. 
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The phrase “communicatively connected' is intended to 
include any type of connection, whether wired or wireless, 
between devices, data processors, or programs in which data 
may be communicated. Further, the phrase “communica 
tively connected' is intended to include a connection 
between devices or programs within a single data processor, 
a connection between devices or programs located in dif 
ferent data processors, and a connection between devices not 
located in data processors at all. In this regard, although the 
memory device system 130 is shown separately from the 
data processing device system 110 and the input-output 
device system 120, one skilled in the art will appreciate that 
the memory device system 130 may be located completely 
or partially within the data processing device system 110 or 
the input-output device system 120. Further in this regard, 
although the input-output device system 120 is shown 
separately from the data processing device system 110 and 
the memory device system 130, one skilled in the art will 
appreciate that Such system may be located completely or 
partially within the data processing system 110 or the 
memory device system 130, depending upon the contents of 
the input-output device system 120. Further still, the data 
processing device system 110, the input-output device sys 
tem 120, and the memory device system 130 may be located 
entirely within the same device or housing or may be 
separately located, but communicatively connected, among 
different devices or housings. In the case where the data 
processing device system 110, the input-output device sys 
tem 120, and the memory device system 130 are located 
within the same device, the system 100 of FIG. 1 can be 
implemented by a single application-specific integrated cir 
cuit (ASIC) in some embodiments. 
The input-output device system 120 may include a mouse, 

a keyboard, a touch screen, another computer, or any device 
or combination of devices from which a desired selection, 
desired information, instructions, or any other data is input 
to the data processing device system 110. The input-output 
device system may include a user-activatable control system 
that is responsive to a user action. The input-output device 
system 120 may include any suitable interface for receiving 
information, instructions or any data from other devices and 
systems described in various ones of the embodiments. In 
this regard, the input-output device system 120 may include 
various ones of other systems described in various embodi 
ments. For example, the input-output device system 120 
may include at least a portion a transducer-based device 
system. The phrase “transducer-based device system” is 
intended to include one or more physical systems that 
include various transducers. The phrase “transducer-based 
device' is intended to include one or more physical devices 
that include various transducers. 

The input-output device system 120 also may include an 
image generating device system, a display device system, a 
processor-accessible memory device, or any device or com 
bination of devices to which information, instructions, or 
any other data is output by the data processing device system 
110. In this regard, if the input-output device system 120 
includes a processor-accessible memory device. Such 
memory device may or may not form part or all of the 
memory device system 130. The input-output device system 
120 may include any suitable interface for outputting infor 
mation, instructions or data to other devices and systems 
described in various ones of the embodiments. In this regard, 
the input-output device system may include various other 
devices or systems described in various embodiments. 

Various embodiments of transducer-based devices are 
described herein. Some of the described devices are medical 
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devices that are percutaneously or intravascularly deployed. 
Some of the described devices are moveable between a 
delivery or unexpanded configuration (e.g., FIG. 3A, dis 
cussed below) in which a portion of the device is sized for 
passage through a bodily opening leading to a bodily cavity, 
and an expanded or deployed configuration (e.g., FIG. 3B. 
discussed below) in which the portion of the device has a 
size too large for passage through the bodily opening leading 
to the bodily cavity. An example of an expanded or deployed 
configuration is when the portion of the transducer-based 
device is in its intended-deployed-operational state inside 
the bodily cavity. Another example of the expanded or 
deployed configuration is when the portion of the trans 
ducer-based device is being changed from the delivery 
configuration to the intended-deployed-operational state to a 
point where the portion of the device now has a size too large 
for passage through the bodily opening leading to the bodily 
cavity. 

In some example embodiments, the device includes trans 
ducers that sense characteristics (e.g., convective cooling, 
permittivity, force) that distinguish between fluid, such as a 
fluidic tissue (e.g., blood), and tissue forming an interior 
surface of the bodily cavity. Such sensed characteristics can 
allow a medical system to map the cavity, for example using 
positions of openings or ports into and out of the cavity to 
determine a position or orientation (e.g., pose), or both of the 
portion of the device in the bodily cavity. In some example 
embodiments, the described devices are capable of ablating 
tissue in a desired pattern within the bodily cavity. In some 
example embodiments, the devices are capable of sensing 
characteristics (e.g., electrophysiological activity) indicative 
of whether an ablation has been successful. In some example 
embodiments, the devices are capable of providing stimu 
lation (e.g., electrical stimulation) to tissue within the bodily 
cavity. Electrical stimulation may include pacing. 

FIG. 2 is a representation of a transducer-based device 
200 useful in investigating or treating a bodily organ, for 
example a heart 202, according to one example embodiment. 

Transducer-based device 200 can be percutaneously or 
intravascularly inserted into a portion of the heart 202, such 
as an intra-cardiac cavity like left atrium 204. In this 
example, the transducer-based device 200 is part of a 
catheter 206 inserted via the inferior vena cava 208 and 
penetrating through a bodily opening in transatrial septum 
210 from right atrium 212. In other embodiments, other 
paths may be taken. 

Catheter 206 includes an elongated flexible rod or shaft 
member appropriately sized to be delivered percutaneously 
or intravascularly. Various portions of catheter 206 may be 
steerable. Catheter 206 may include one or more lumens (not 
shown). The lumen(s) may carry one or more communica 
tions or power paths, or both. For example, the lumens(s) 
may carry one or more electrical conductors 216 (two shown 
in this embodiment). Electrical conductors 216 provide 
electrical connections to device 200 that are accessible 
externally from a patient in which the transducer-based 
device 200 is inserted. 

Transducer-based device 200 includes a frame or structure 
218 which assumes an unexpanded configuration for deliv 
ery to left atrium 204. Structure 218 is expanded (e.g., 
shown in a deployed or expanded configuration in FIG. 2) 
upon delivery to left atrium 204 to position a plurality of 
transducers 220 (three called out in FIG. 2) proximate the 
interior surface formed by tissue 222 of left atrium 204. In 
this example embodiment, at least Some of the transducers 
220 are used to sense a physical characteristic of a fluid (e.g., 
blood) or tissue 222, or both, that may be used to determine 
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a position or orientation (e.g., pose), or both, of a portion of 
a device 200 within, or with respect to left atrium 204. For 
example, transducers 220 may be used to determine a 
location of pulmonary vein ostia (not shown) or a mitral 
valve 226, or both. In this example embodiment, at least 
some of the transducers 220 may be used to selectively 
ablate portions of the tissue 222. For example, some of the 
transducers 220 may be used to ablate a pattern around the 
bodily openings, ports or pulmonary vein ostia, for instance 
to reduce or eliminate the occurrence of atrial fibrillation. 

FIGS. 3A and 3B show a transducer-based device system 
(e.g., a portion thereof shown schematically) that includes a 
transducer-based device 300 according to one illustrated 
embodiment. Transducer-based device 300 includes a plu 
rality of elongate members 304 (three called out in each of 
FIGS. 3A and 3B) and a plurality of transducers 306 (three 
called out in FIG. 3A and three called out in FIG. 3B as 
306a, 306b and 306c). As will become apparent, the plural 
ity of transducers 306 are positionable within a bodily 
cavity. For example, in some embodiments, the transducers 
306 are able to be positioned in a bodily cavity by movement 
into, within, or into and within the bodily cavity, with or 
without a change in a configuration of the plurality of 
transducers 306. In some embodiments, the plurality of 
transducers 306 are arranged to form a two- or three 
dimensional distribution, grid or array of the transducers 
capable of mapping, ablating or stimulating an inside Sur 
face of a bodily cavity or lumen without requiring mechani 
cal scanning. As shown, for example, in FIG. 3A, the 
plurality of transducers 306 are arranged in a distribution 
receivable in a bodily cavity (not shown). 
The elongate members 304 are arranged in a frame or 

structure 308 that is selectively movable between an unex 
panded or delivery configuration (e.g., as shown in FIG. 3A) 
and an expanded or deployed configuration (i.e., as shown in 
FIG. 3B) that may be used to position elongate members 304 
against a tissue surface within the bodily cavity or position 
the elongate members 304 in the vicinity of the tissue 
surface. In this embodiment, structure 308 has a size in the 
unexpanded or delivery configuration suitable for delivery 
through a bodily opening (e.g., via catheter sheath 312) to 
the bodily cavity. In this embodiment, structure 308 has a 
size in the expanded or deployed configuration too large for 
delivery through a bodily opening (e.g., via catheter sheath 
312) to the bodily cavity. The elongate members 304 may 
form part of a flexible circuit structure (e.g., also known as 
a flexible printed circuit board (PCB) circuit). The elongate 
members 304 can include a plurality of different material 
layers. Each of the elongate members 304 can include a 
plurality of different material layers. The structure 308 can 
include a shape memory material, for instance Nitinol. The 
structure 308 can include a metallic material, for instance 
stainless steel, or non-metallic material, for instance poly 
imide, or both a metallic and non metallic material by way 
of non-limiting example. The incorporation of a specific 
material into structure 308 may be motivated by various 
factors including the specific requirements of each of the 
unexpanded or delivery configuration and expanded or 
deployed configuration, the required position or orientation 
(e.g., pose), or both of structure 308 in the bodily cavity or 
the requirements for Successful ablation of a desired pattern. 

FIG. 4 is a schematic side elevation view of at least a 
portion of a transducer-based device 400 that includes a 
flexible circuit structure 401 that is employed to provide a 
plurality of transducers 406 (two called out) according to an 
example embodiment. In some embodiments, the flexible 
circuit structure 401 may form part of a structure (e.g., 
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structure 308) that is selectively movable between a delivery 
configuration sized for percutaneous delivery and expanded 
or deployed configurations sized too large for percutaneous 
delivery. In some embodiments, the flexible circuit structure 
401 may be located on, or form at least part of a structural 
component (e.g., elongate member 304) of a transducer 
based device system. 
The flexible circuit structure 401 can be formed by 

various techniques including flexible printed circuit tech 
niques. In some embodiments, the flexible circuit structure 
401 includes various layers including flexible layers 403a, 
403b and 403c (i.e., collectively flexible layers 403). In 
some embodiments, each of flexible layers 403 includes an 
electrical insulator material (e.g., polyimide). One or more 
of the flexible layers 403 can include a different material 
than another of the flexible layers 403. In some embodi 
ments, the flexible circuit structure 401 includes various 
electrically conductive layers 404a, 404b and 404c (collec 
tively electrically conductive layers 404) that are interleaved 
with the flexible layers 403. In some embodiments, each of 
the electrically conductive layers 404 is patterned to form 
various electrically conductive elements. For example, elec 
trically conductive layer 404a is patterned to form a respec 
tive electrode 415 of each of the transducers 406. Electrodes 
415 have respective electrode edges 415-1 that form a 
periphery of an electrically conductive surface associated 
with the respective electrode 415. 

Electrically conductive layer 404b is patterned, in some 
embodiments, to form respective temperature sensors 408 
for each of the transducers 406 as well as various leads 410a 
arranged to provide electrical energy to the temperature 
sensors 408. In some embodiments, each temperature sensor 
408 includes a patterned resistive member 409 (two called 
out) having a predetermined electrical resistance. In some 
embodiments, each resistive member 409 includes a metal 
having relatively high electrical conductivity characteristics 
(e.g., copper). In some embodiments, electrically conductive 
layer 404c is patterned to provide portions of various leads 
410b arranged to provide an electrical communication path 
to electrodes 415. In some embodiments, leads 410b are 
arranged to pass though vias (not shown) in flexible layers 
403a and 403b to connect with electrodes 415. Although 
FIG. 4 shows flexible layer 403c as being a bottom-most 
layer, Some embodiments may include one or more addi 
tional layers underneath flexible layer 403c, such as one or 
more structural layers, such as a steel or composite layer. 
These one or more structural layers, in some embodiments, 
are part of the flexible circuit structure 401 and can be part 
of, e.g., elongate member 304. In addition, although FIG. 4 
shows only three flexible layers 403a–403c and only three 
electrically conductive layers 404a-404c., it should be noted 
that other numbers of flexible layers, other numbers of 
electrically conductive layers, or both, can be included. 

In some embodiments, electrodes 415 are employed to 
selectively deliver RF energy to various tissue structures 
within a bodily cavity (not shown) (e.g., an intra-cardiac 
cavity). The energy delivered to the tissue structures may be 
sufficient for ablating portions of the tissue structures. The 
energy delivered to the tissue may be delivered to cause 
monopolar tissue ablation, bipolar tissue ablation or blended 
monopolar-bipolar tissue ablation by way of non-limiting 
example. In some embodiments, each electrode 415 is 
employed to sense an electrical potential in the tissue 
proximate the electrode 415. In some embodiments, each 
electrode 415 is employed in the generation of an intra 
cardiac electrogram. In some embodiments, each resistive 
member 409 is positioned adjacent a respective one of the 
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electrodes 415. In some embodiments, each of the resistive 
members 409 is positioned in a stacked or layered array with 
a respective one of the electrodes 415 to form a respective 
one of the transducers 406. In some embodiments, the 
resistive members 409 are connected in series to allow 
electrical current to pass through all of the resistive members 
409. In some embodiments, leads 410a are arranged to allow 
for a sampling of electrical voltage in between each resistive 
members 409. This arrangement allows for the electrical 
resistance of each resistive member 409 to be accurately 
measured. The ability to accurately measure the electrical 
resistance of each resistive member 409 may be motivated 
by various reasons including determining temperature val 
ues at locations at least proximate the resistive member 409 
based at least on changes in the resistance caused by 
convective cooling effects (e.g., as provided by blood flow). 

Referring to FIGS. 3A, 3B, transducer-based device 300 
can communicate with, receive power from or be controlled 
by a transducer-activation system 322. In some embodi 
ments, elongate members 304 can form a portion of an 
elongated cable 316 of control leads 317, for example by 
stacking multiple layers, and terminating at a connector 321 
or other interface with transducer-activation system 322. 
The control leads 317 may correspond to the electrical 
connectors 216 in FIG. 2 in some embodiments. The trans 
ducer-activation device system322 may include a controller 
324 that includes a data processing device system 310 (e.g., 
from FIG. 1) and a memory device system 330 (e.g., from 
FIG. 1) that stores data and instructions that are executable 
by the data processing device system 310 to process infor 
mation received from transducer-based device 300 or to 
control operation of transducer-based device 300, for 
example activating various selected transducers 306 to 
ablate tissue. Controller 324 may include one or more 
controllers. 

Transducer-activation device system 322 includes an 
input-output device system 320 (e.g., from FIG. 1) commu 
nicatively connected to the data processing device system 
310 (e.g., via controller 324 in this embodiment). Input 
output device system 320 may include a user-activatable 
control that is responsive to a user action. Input-output 
device system 320 may include one or more user interfaces 
or input/output (I/O) devices, for example one or more 
display device systems 332, speaker device systems 334, 
keyboards, mice, joysticks, track pads, touch screens or 
other transducers to transfer information to, from, or both to 
and from a user, for example a care provider Such as a 
physician or technician. For example, output from a map 
ping process may be displayed on a display device system 
332. Input-output device system 320 may include a sensing 
device system 325 configured to detect various characteris 
tics including, but not limited to, at least one of tissue 
characteristics (e.g., electrical characteristics such as tissue 
impedance, tissue type, tissue thickness) and thermal char 
acteristics Such as temperature. In this regard, the sensing 
device system 325 may include one, some, or all of the 
transducers 306 (or 406 of FIG. 4) of the transducer based 
device 300, including the internal components of such 
transducers shown in FIG. 4, such as the electrodes 315 and 
temperature sensors 408. 

Transducer-activation device system 322 may also 
include an energy source device system 340 including one or 
more energy source devices connected to transducers 306. In 
this regard, although FIG. 3A shows a communicative 
connection between the energy source device system 340 
and the controller 324 (and its data processing device system 
310), the energy source device system 340 may also be 
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connected to the transducers 306 via a communicative 
connection that is independent of the communicative con 
nection with the controller 324 (and its data processing 
device system 310). For example, the energy source device 
system 340 may receive control signals via the communi 
cative connection with the controller 324 (and its data 
processing device system 310), and, in response to Such 
control signals, deliver energy to, receive energy from, or 
both deliver energy to and receive energy from one or more 
of the transducers 306 via a communicative connection with 
Such transducers 306 (e.g., via one or more communication 
lines through catheter body 314, elongated cable 316 or 
catheter sheath 312) that does not pass through the controller 
324. In this regard, the energy source device system 340 may 
provide results of its delivering energy to, receiving energy 
from, or both delivering energy to and receiving energy from 
one or more of the transducers 306 to the controller 324 (and 
its data processing device system 310) via the communica 
tive connection between the energy source device system 
340 and the controller 324. 

In any event, the number of energy source devices in the 
energy source device system 340 is fewer than the number 
of transducers in Some embodiments. The energy source 
device system 340 may, for example, be connected to 
various selected transducers 306 to selectively provide 
energy in the form of electrical current or power (e.g., RF 
energy), light or low temperature fluid to the various 
selected transducers 306 to cause ablation of tissue. The 
energy source device system 340 may, for example, selec 
tively provide energy in the form of electrical current to 
various selected transducers 306 and measure a temperature 
characteristic, an electrical characteristic, or both at a 
respective location at least proximate each of the various 
transducers 306. The energy source device system 340 may 
include as its energy source devices various electrical cur 
rent Sources or electrical power Sources. In some embodi 
ments, an indifferent electrode 326 is provided to receive at 
least a portion of the energy transmitted by at least Some of 
the transducers 306. Consequently, although not shown in 
FIG. 3A, the indifferent electrode 326 may be communica 
tively connected to the energy source device system 340 via 
one or more communication lines in some embodiments. In 
addition, although shown separately in FIG. 3A, indifferent 
electrode 326 may be considered part of the energy source 
device system 340 in some embodiments. 

It is understood that input-output device system 320 may 
include other systems. In some embodiments, input-output 
device system 320 may optionally include energy source 
device system 340, transducer-based device 300 or both 
energy source device system 340 and transducer-based 
device 300 by way of non-limiting example. Input-output 
device system 320 may include the memory device system 
330 in some embodiments. 

Structure 308 can be delivered and retrieved via a catheter 
member, for example a catheter sheath 312. In some 
embodiments, a structure provides expansion and contrac 
tion capabilities for a portion of the medical device (e.g., an 
arrangement, distribution or array of transducers 306). The 
transducers 306 can form part of, be positioned or located 
on, mounted or otherwise carried on the structure and the 
structure may be configurable to be appropriately sized to 
slide within catheter sheath 312 in order to be deployed 
percutaneously or intravascularly. FIG. 3A shows one 
embodiment of such a structure. In this example embodi 
ment, each of the elongate members 304 includes a respec 
tive distal end 305 (only one called out), a respective 
proximal end 307 (only one called out) and an intermediate 
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portion 309 (only one called out) positioned between the 
proximal end 307 and the distal end 305. The respective 
intermediate portion 309 of each elongate member 304 
includes a first or front surface 318a that is positionable to 
face an interior tissue surface within a bodily cavity (not 
shown) and a second or back surface 318b opposite across 
a thickness of the intermediate portion 309 from the front 
surface 318a. In some embodiments, each of the elongate 
members 304 is arranged front surface 318a-toward-back 
Surface 318b in a stacked array during an unexpanded or 
delivery configuration similar to that described in co-as 
signed International Application No.: PCT/US2012/022061 
and co-assigned International Application No.: PCT/ 
US2012/022062, both of which are hereby incorporated 
herein by reference in their entirety. In many cases a stacked 
array allows the structure 308 to have a suitable size for 
percutaneous or intravascular delivery. In this embodiment, 
the elongate members 304 are arranged to be introduced into 
a bodily cavity (again not shown) distal end 305 first. For 
clarity, not all of the elongate members 304 of structure 308 
are shown in FIG. 3A. A flexible catheter body 314 is used 
to deliver structure 308 through catheter sheath 312. 

In a manner similar to that described in co-assigned 
International Application No.: PCT/US2012/022061 and 
co-assigned International Application No.: PCT/US2012/ 
022062, each of the elongate members 304 is arranged in a 
fanned arrangement 370 in FIG. 3B. In this embodiment, the 
fanned arrangement 370 is formed during the expanded or 
deployed configuration in which structure 308 is manipu 
lated to have a size too large for percutaneous or intravas 
cular delivery. In this example embodiment, structure 308 
includes a proximal portion 308a having a first domed shape 
309a and a distal portion 308b having a second domed shape 
309b. In this example embodiment, the proximal and the 
distal portions 308a, 308b include respective portions of 
elongate members 304. In this example embodiment, the 
structure 308 is arranged to be delivered distal portion 308b 
first into a bodily cavity (again not shown) when the 
structure is in the unexpanded or delivery configuration as 
shown in FIG. 3A. In this example embodiment, the proxi 
mal and the distal portions 308a, 308b are arranged in a clam 
shell configuration in the expanded or deployed configura 
tion shown in FIG. 3B. 

The transducers 306 can be arranged in various distribu 
tions or arrangements in various embodiments. In this 
example embodiment, various ones of the transducers 306 
are spaced apart from one another in a spaced apart distri 
bution in the delivery configuration shown in FIG. 3A. In 
this example embodiment, various ones of the transducers 
306 are arranged in a spaced apart distribution in the 
deployed configuration shown in FIG. 3B. In this example 
embodiment, various pairs of transducers 306 are spaced 
apart with respect to one another. In this example embodi 
ment, various regions of space are located between various 
pairs of the transducers 306. For example, in FIG. 3B the 
transducer-based device 300 includes at least a first trans 
ducer 306a, a second transducer 306b and a third transducer 
306c (all collectively referred to as transducers 306). In this 
example embodiment each of the first, the second and the 
third transducers 306a, 306b and 306c are adjacent trans 
ducers in the spaced apart distribution. In this example 
embodiment, the first and the second transducers 306a, 306b 
are located on different elongate members 304 while the 
second and the third transducers 306b, 306c are located on 
a same elongate member 304. In this example embodiment, 
a first region of space 350 is between the first and the second 
transducers 306a, 306b. In this example embodiment, the 
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first region of space 350 is not associated with any physical 
portion of structure 308. In this example embodiment, a 
second region of space 360 associated with a physical 
portion of device 300 (e.g., a portion of an elongate member 
304) is between the second and the third transducers 306b, 
306c. In this example embodiment, each of the first and the 
second regions of space 350, 360 does not include a trans 
ducer of transducer-based device 300. In this example 
embodiment, each of the first and the second regions of 
space 350, 360 does not include any transducer. It is noted 
that other embodiments need not employ a group of elongate 
members 304 as employed in the illustrated embodiment. 
For example, other embodiments may employ a structure 
having a one or more Surfaces, at least a portion of the one 
or more surfaces defining one or more openings in the 
structure. In these embodiments, a region of space not 
associated with any physical portion of the structure may 
extend over at least part of an opening of the one or more 
openings. In other example embodiments, other structures 
may be employed to Support or carry transducers of a 
transducer-based device Such as a transducer-based catheter. 
For example, an elongated catheter member may be used to 
distribute the transducers in a linear or curvilinear array. 
Basket catheters or balloon catheters may be used to dis 
tribute the transducers in a two-dimensional or three-dimen 
sional array. 

FIG. 7A is a block diagram of a method 700 employed 
according to some example embodiments. In various 
example embodiments, a memory device system (e.g., 
memory device systems 130,330) is communicatively con 
nected to a data processing device system (e.g., data pro 
cessing device systems 110 or 310) and stores a program 
executable by the data processing device system to cause the 
data processing device system to execute method 700 via 
interaction with at least, for example, a transducer-based 
device (e.g., transducer-based devices 200, 300, or 400). In 
these various embodiments, the program may include 
instructions configured to perform, or cause to be performed, 
various ones of the instructions associated with method 700. 
In some embodiments, method 700 may include a subset of 
the associated blocks or additional blocks than those shown 
in FIG. 7A. In some embodiments, method 700 may include 
a different sequence between various ones of the associated 
blocks than those shown in FIG. 7A. 

Block 702 includes instructions (e.g., graphical represen 
tation instructions or graphical interface instructions pro 
vided by a program) configured to cause an input-output 
device system (e.g., input-output device system 120 or 320) 
to display a graphical representation of at least a portion of 
a transducer-based device. For example, FIG. 5A illustrates 
a graphical interface including a graphical representation 
500 provided by the input-output device system according to 
one example embodiment provided in accordance with 
block 702. In this embodiment, the transducer-based device 
is a catheter-based device similar to devices 200 and 300 
shown respectively in FIGS. 2 and 3. In this example 
embodiment, the graphical interface depicts graphical rep 
resentation 500 of the transducer-based device as including 
a first domed portion 500a associated with a first domed 
portion of the transducer-based device (e.g., proximal por 
tion 308a when having the first domed shape 309a) and a 
second domed portion 500b associated with a second domed 
portion of the transducer-based device (e.g., distal portion 
308b having the second domed shape 309b). Various other 
transducer-based devices may be depicted in other embodi 
ments. FIGS.5A, 5B, 5C, 5D, 5E, 5E, 5G, 5H, 5I and 5J 
(collectively FIG. 5) are presented in this disclosure in 
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association with various different embodiments. It is under 
stood that each of the different embodiments need not be 
associated with all of the FIG. 5, and in some cases will only 
be associated with a subset of the FIG. 5. 

In this embodiment, the graphical representation 500 
includes a plurality of graphical elements 501. Each of the 
graphical elements 501 is respectively associated with a 
respective one of a plurality of transducer sets. Each respec 
tive transducer set includes at least one of a plurality of 
transducers included as part of the transducer-based device 
(e.g., transducer-based devices 200, 300, or 400) and each 
respective transducer set has at least one different transducer 
than another of the other transducer sets. In this particular 
embodiment, each respective transducer set has at least one 
different transducer than each of the others of the other 
transducer sets. 

In this example embodiment, each of at least some of the 
graphical elements 501 are provided by a respective one of 
a plurality of transducer graphical elements 502 that include 
at least a first transducer graphical element 502a, a second 
transducer graphical element 502b, and a third transducer 
graphical element 502c (e.g., all the transducer graphical 
elements collectively referred to as transducer graphical 
elements 502). In this example embodiment, each transducer 
graphical element 502 is associated with a single respective 
transducer of the transducer-based device. In some example 
embodiments, each transducer graphical element 502 is 
representative of a respective transducer of the transducer 
based device. In some example embodiments, each trans 
ducer graphical element 502 is representative of a location 
or position of a respective transducer of the transducer-based 
device. In this example embodiment, the graphical repre 
sentation 500 includes a first spatial relationship between the 
transducer graphical elements 502 that is consistent with a 
second spatial relationship between the corresponding trans 
ducers associated with the transducer graphical elements 
502. An electrocardiogram (ECG/EKG) signal 523 is also 
shown in the graphical interface of FIG. 5A. 

In this example embodiment, each of at least some of the 
graphical elements 501 are provided by a respective one of 
a plurality of between graphical elements 504 including a 
first between graphical element 504a and a second between 
graphical element 504b (e.g., all the between graphical 
elements collectively referred to as between graphical ele 
ments 504). In various embodiments, each of the between 
graphical elements 504 is associated with a set of at least two 
of the transducers of the transducer-based device. In some 
example embodiments, each of the between graphical ele 
ments 504 is associated with a pair of transducers in the 
transducer-based device. In some example embodiments, 
each between graphical element 504 is associated with a 
region of space between a respective pair of transducers in 
the transducer-based device. In some example embodiments, 
each between graphical element 504 is associated with a 
region of space between a respective pair of adjacent ones of 
the transducers in the transducer-based device. 

In this example embodiment, first transducer graphical 
element 502a is associated with a first transducer (e.g., first 
transducer 306a) of the transducer-based device, second 
transducer graphical element 502b associated with a second 
transducer (e.g., second transducer 306b) of the transducer 
based device, and third transducer graphical element 502c 
associated with a third transducer (e.g., third transducer 
306c) of the transducer-based device. In this example 
embodiment, the first between graphical element 504a is 
associated with a first region of space that is between the first 
and the second transducers and the second between graphi 
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cal element 504b is associated with a second region of space 
that is between the second and the third transducers. In this 
illustrated embodiment, the first region of space is a region 
of space that is not associated with any physical part of the 
transducer-based device (e.g., first region of space 350) and 
the second region of space is a region of space that is 
associated with a physical part of the transducer-based 
device (e.g., second region of space 360). In this example 
embodiment, each of the first and the second between 
graphical elements 504a, 504b is associated with a region of 
space that does not include a transducer of the transducer 
based device. In this example embodiment, each of the first 
and the second between graphical elements 504a, 504b is 
associated with a region of space that does not include any 
transducer. It is understood that a “region of space need not 
be a vacant space but can include physical matter therein. 

In this example embodiment, the second transducer 
graphical element 502b is depicted in a first direction (e.g., 
represented by arrow 506a) from the first transducer graphi 
cal element 502a, and the first between graphical element 
504a is positioned between the second and the first trans 
ducer graphical elements 502b, 502a in the graphical rep 
resentation. In this example embodiment, the third trans 
ducer graphical element 502c is depicted in a second 
direction (e.g., represented by arrow 506b) from the second 
transducer graphical element 502b, and the second between 
graphical element 504b is positioned between the second 
and the third transducer graphical elements 502b, 502c. In 
this example embodiment, the first and the second directions 
are non-parallel to each other. In this example embodiment, 
the first between graphical element 504a is formed, at least 
in part, at a location in the graphical representation inter 
sected by the first direction from the first graphical trans 
ducer element 502a and the second between graphical 
element 504b is formed, at least in part at a location in the 
graphical representation intersected by the second direction 
from the second transducer graphical element 502b. In other 
example embodiments, other spatial relationships exist 
between the transducer graphical elements 502 and the 
between graphical elements 504 in the graphical represen 
tation. It is understood that arrows 506a, 506b do not form 
part of the graphical representation in this embodiment. 

In this example embodiment, each of the between graphi 
cal elements 504 includes a first end 507 (only one called 
out), a second end 508 (only one called out) and an elongate 
portion 509 (only one called out) extending between the first 
and the second ends 507, 508. The transducer graphical 
elements 502, the between graphical elements 504, or both 
may have different sizes, shapes or forms than those shown 
in the illustrated embodiment. In some embodiments, dif 
ferent ones of the transducer graphical elements 502 may be 
depicted with different shapes, sizes or forms in the graphi 
cal representation. In some embodiments, different ones of 
the between graphical elements 504 may be depicted with 
different shapes, sizes or forms in the graphical representa 
tion. In this embodiment, the respective elongate portion 509 
of the first between graphical element 504a is depicted 
extending along the first direction (e.g., again represented by 
arrow 506a) and the respective elongate portion 509 of the 
second between graphical element 504b is depicted extend 
ing along the second direction (e.g., again represented by 
arrow 506b). In this example embodiment the first direction 
is depicted generally orthogonal to the second direction in 
the three-dimensional graphical representation. Other orien 
tations between the first and the second direction are pos 
sible in other embodiments. For example, FIG. 6 illustrates 
a graphical interface including a graphical representation 
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600 provided by an input-output device system (e.g., input 
output device system 120 or 320) according to another 
example embodiment. In a manner similar to FIG. 5A, the 
graphical interface of FIG. 6 provides a graphical represen 
tation 600 that includes a plurality of graphical elements 5 
601, each of the graphical elements 601 associated with a 
respective one of a plurality of transducer sets. Each respec 
tive transducer set includes at least one of a plurality of the 
transducers included as part of the transducer-based device 
and each respective transducer set has at least one different 
transducer than another of the other transducer sets. In this 
particular embodiment, each respective transducer set has at 
least one different transducer than each of the others of the 
other transducer sets. 

In a manner similar to the embodiment of FIG. 5A, the 
plurality of graphical elements 601 include a plurality of 
transducer graphical elements 602 (e.g., including trans 
ducer graphical elements 602a, 602b and 602c) and a 
plurality of between graphical elements 604. In a manner 
similar to the embodiment of FIG.5A, each of the transducer 
graphical elements 602 is associated with a transducer of a 
transducer-based device and each of the between graphical 
elements 604 is associated with a region of space between a 
pair of transducers of a transducer based-device. In a manner 
similar to the embodiment of FIG. 5A, each of at least some 
of the between graphical elements (e.g., first between 
graphical element 604a and a third between graphical ele 
ment 604c) is associated with a respective region of space 
that is not associated with any physical part of the trans 
ducer-based device. In a manner similar to the embodiment 
shown in FIG. 5A, each of at least some of the between 
graphical elements (e.g., second between graphical elements 
604b) is associated with a respective region of space that is 
associated with a physical portion of the transducer-based 
device (e.g., an elongate member 304). In a manner similar 
to the embodiment shown in FIG. 5A, each of the between 
graphical elements 604 includes a first end 607 (only one 
called out), a second end 608 (only one called out) and an 
elongate portion 609 (only one called out) extending 
between the first and the second ends 607, 608. In this 
example embodiment, the respective elongate portion 609 of 
each of two of first ones of the between graphical element 
(e.g., between graphical elements 604a, 604b) is depicted 
extending along a respective first direction (e.g., represented 
by respective ones of arrows 606a, 606b), and the respective 45 
elongate portion 609 of a second one of the between 
graphical elements 604 (e.g., between graphical element 
604c) is depicted extending along a second direction (e.g., 
represented by arrow 606c). In this example embodiment, 
the second direction is oblique to each of the first directions. 50 
In this example embodiment, the second direction forms an 
acute angle with respect to each of the first directions. In this 
illustrated embodiment, each between graphical element 604 
is associated with a region of space that does not include a 
transducer of a transducer-based device. In this illustrated 55 
embodiment, each between graphical element 604 is asso 
ciated with a region of space that does not include any 
transducer. 

Referring back to FIG. 5A, at least a portion of the 
transducer graphical elements 502, and at least a portion of 60 
the between graphical elements 504 are arranged in a 
plurality of rows 510 (two called out) and a plurality of 
columns 512 (two called out, each column 512 identified in 
the graphical representation by a respective one of letters 
“A”, “B”, “C”, “D", “E”, “F”, “G”, “H”, “I”, “J”, “K”, “L”, 6s 
“M”, “N”, “O'”, “P”, “Q, “R”, “S”, and “T). In this 
example embodiment, a portion of each of the columns 512 
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corresponds to region of space associated with a physical 
portion of the transducer-based device (e.g., an elongate 
member 304). In this example embodiment, each of the 
columns 512 corresponds to at least a portion of the trans 
ducers located on a particular elongate member of a trans 
ducer-based device (e.g., an elongate member 304). In this 
example embodiment, each of the columns 512 corresponds 
to at least a portion of the transducers located on a respective 
one of a pair of domed portions 500a, 500b arranged in a 
clam shell configuration similar to the embodiments of FIG. 
3B. In embodiments in which each domed portion is formed 
by a respective portion of each of a plurality of elongate 
members (e.g., elongate members 304), a set of two or more 
of the columns 512 may correspond to the transducers 
located on a single one of the elongate members. 

In this example embodiment, a portion of each of the rows 
510 corresponds to regions of space not associated with any 
physical portion of the transducer-based device (e.g., 
regions of space 350 between adjacent ones of the elongate 
members 304). In other example embodiments, different 
numbers of transducer graphical elements 502 and different 
numbers and spatial arrangements of between graphical 
elements 504 may be depicted in the graphical representa 
tion. In other example embodiments, different numbers and 
spatial arrangements of rows 510 and columns 512 may be 
depicted in the graphical representation. In various embodi 
ments, each of the between graphical elements (e.g., 
between graphical elements 504, 604) depicted in the 
graphical representation are representative of a respective 
physical path extending between a respective pair of trans 
ducers of the transducer-based device. Each of the physical 
paths may extend over a physical surface of the transducer 
based device or over a portion of an opening defined by a 
physical surface of the transducer-based device. In the 
embodiment shown in FIG. 6, each between graphical 
element 604 is representative of a respective physical path 
extending between the respective transducers associated 
with the adjacent pair of transducer graphical elements 602 
that the between graphical element 604 extends between. In 
the embodiment shown in FIG. 6, each adjacent pair of the 
transducer graphical elements 602 may be provided along a 
row 610 (two called out) of the graphical elements 601, 
along a column 612 (two called out) of the graphical 
elements 601, or diagonally between a row 610 and a 
column 612. 

Referring back to FIG. 5A, the transducer graphical 
elements 502 and the between graphical elements 504 in 
each respective one of the rows 510 are interleaved with 
respect to one another along the respective one of the rows 
510. In this illustrated embodiment, the transducer graphical 
elements 502 and the between graphical elements 504 in 
each respective one of the columns 512 are interleaved with 
respect to one another along the respective one of the 
columns 512. In this illustrated embodiment, each one of the 
plurality of columns 512 shares a same transducer graphical 
element 502 with one of the plurality of rows 510. In this 
illustrated embodiment, each respective one of the plurality 
of columns 512 excludes any of the between graphical 
elements 504 included in each of the plurality of rows 510. 
In this illustrated embodiment, at least a first one of the 
between graphical elements 504 (e.g., second between 
graphical element 504b) is depicted in the graphical repre 
sentation between two adjacent ones of the plurality of rows 
510 and at least a second one of the plurality of between 
graphical elements 504 (e.g., first between graphical element 
504a) is positioned between two adjacent ones of the 
plurality of columns 512. In this example embodiment, the 
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plurality of rows 510 and the plurality of columns 512 are 
depicted as a three-dimensional arrangement in the graphical 
representation. In this example embodiment, at least two of 
the plurality of columns 512 are depicted in the graphical 
representation extending along respective directions that 
converge with respect to one another. In this illustrated 
embodiment, at least two of the plurality of columns 512 are 
depicted in the graphical representation extending along 
non-parallel directions and at least two of the plurality of 
rows 510 are depicted extending along parallel directions. In 
this illustrated embodiment, the rows 510 and the columns 
512 are depicted in the graphical representation in an 
arrangement in which the columns 512 are circumferentially 
arranged. In this illustrated embodiment, the rows 510 and 
the columns 512 are depicted in the graphical representation 
in an arrangement having a generally spherical shape. In this 
illustrated embodiment, the respective first end 507 and the 
respective second end 508 of each of at least some of the 
plurality of between graphical elements 504 connects to a 
transducer graphical element 502 in the graphical represen 
tation. The transducer graphical elements 602 and a portion 
of the between graphical elements 604 in the embodiment of 
FIG. 6 are arranged in a similar manner to the embodiment 
shown in FIG. 5A. In the embodiment of FIG. 6, at least 
some of the between graphical elements 604 extend along 
respective directions that form acute angles with the respec 
tive directions extended along by others of the between 
graphical elements 604. In the embodiment of FIG. 6, at 
least some of the between graphical elements 604 extend 
along respective directions that form acute angles with the 
respective directions extended along by a row 610 or a 
column 612. 
The graphical interface of FIG. 5B includes the graphical 

representation 500 with the addition of identification labels 
513 (two called out) to each of the transducer graphical 
elements 502. In this example embodiment identification 
labels are applied by operating the input-output device 
system to activate a control button 514 identified as “View 
Options'. Selection, activation, or both selection and acti 
Vation of a control button, a selection box or other graphical 
element provided in the various embodiments may be 
accomplished via various input-output device system con 
trols that can include a touch screen, keyboard or computer 
mouse by way of non-limiting example. In this embodiment, 
selection of control button 514 causes the selection menu 
515 identified as “Model View Options” to appear in the 
graphical representation. Selection menu 515 provides vari 
ous selection boxes 516 that are selectable to vary the 
graphical representation of the portion of the transducer 
based device between a three-dimensional representation 
(e.g., as depicted in FIGS. 5A and 5B) and a two dimen 
sional representation (e.g., as depicted in FIG. 5D). Various 
two-dimensional representations are possible in various 
embodiments. For example, the two-dimensional represen 
tation depicted in FIG. 5D is shown in a “Mercator-type' 
representation in which the first domed portion 500a (e.g., 
shown in FIG. 5A) of the depicted transducer-based device 
is depicted as first Mercator projection 518a and the second 
domed portion 500b (e.g., shown in FIG. 5A) of the depicted 
transducer-based device is a depicted as a second Mercator 
projection 518b. The first and the second Mercator projec 
tions 518a and 518b advantageously allow for simultaneous 
viewing of all the transducer graphical elements 502 and the 
between graphical elements 504. Other two-dimensional 
representations including polar projections are also select 
able. 
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Selection menu 515 provides various selection boxes 520 

that can control mouse drag functions between rotating and 
panning modes. A rotating mode may be advantageously 
used for manipulation of a three-dimensional representation 
of the transducer-based device to allow for viewing a portion 
of the three-dimensional representation that was not previ 
ously viewable. Selection menu 515 includes a plurality of 
selection boxes 522 that allow for variations in the viewable 
content of the graphical representation. In this embodiment, 
a selection box 522 allows for the selective inclusion in the 
graphical representation of graphical elements associated 
with various anatomical features. In some example embodi 
ments, the graphical elements associated with the anatomi 
cal features are selectable from a menu and may be tailored 
to a particular procedure in which the transducer-based 
device is employed. Various ones of the selection boxes 522 
allow for selective inclusions of the transducer graphical 
elements 502 (e.g., indicated as “Electrodes' in this illus 
trated embodiment) and the selective inclusion of the 
between graphical elements 504 (e.g., indicated as “Seg 
ments' in this illustrated embodiment). In this embodiment, 
a selection box 522 allows for the selective inclusion in the 
graphical representation of graphical elements associated 
with lesions which may be of particular interest in embodi 
ments in which various transducers of the transducer based 
device ablate tissue to form the lesions therein. 

In this example embodiment, a selection box 522 allows 
for the selective inclusion of identification labels 513 (e.g., 
indicated as “Labels' in this illustrated embodiment). In this 
example embodiment, each of the identification labels 513 is 
employs an alpha-numeric format including a letter repre 
sentative of the column 512 in which a corresponding 
transducer graphical element is located and a number rep 
resentative of a location of the transducer graphical element 
502 in the corresponding column 514. Other identification 
schemes may be employed in other embodiments. 

Having described examples of the graphical representa 
tion displayed according to the instructions of block 702 in 
FIG. 7A, the selection of one or more graphical elements in 
the graphical representation according to some embodi 
ments will now be described with respect to block 710 in 
FIG. 7A. Accordingly, although FIG. 7A shows block 710 
located after blocks 707 and 708, the invention is not limited 
to this arrangement, and the selection of one or more 
graphical elements according to block 710 can occur at any 
time the graphical elements are selectable. Such as when 
they are displayed in the graphical representation displayed 
according to block 702. Blocks 704, 706, 707, and 708 in 
FIG. 7A are described afterwards. 

In this regard, the selection according to the instructions 
of block 710 includes, in some embodiments, multiple 
constituent or Sub-selections (although in other embodi 
ments, the selection according to the instructions of block 
710 includes only a single selection). For instance, in some 
embodiments, block 710 includes selection instructions con 
figured to cause, due to execution of the selection instruc 
tions by the data processing device system (e.g., exemplified 
by data processing device systems 110 or 310), selection of 
a graphical element. In some embodiments, such selection 
instructions include a first group of instructions configured 
to cause the data processing device system to receive or 
process, via the input-output device system, a user instruc 
tion to select a graphical element. In some of these embodi 
ments, such selection instructions also include a second 
group of instructions configured to cause the data processing 
device system to perform its own selection of the graphical 
element in response to receiving the user instruction. For 
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instance, the user instruction to select the graphical element 
might originate from a user clicking a mouse button (e.g., a 
first constituent selection) while a cursor is above a user 
selected graphical element. In this case, the first group of 
instructions could configure the data processing device 
system to recognize this user instruction when it is received 
via the data input-output device system as a user instruction 
to select the user-selected graphical element below the 
cursor at the time of the mouse-button click. In some 
embodiments, the second group of instructions may config 
ure the data processing device system, in response to the first 
group of instructions recognizing this user instruction, to 
perform its own selection (e.g., a second constituent selec 
tion) of the user-selected graphical element at least by 
causing, via the input output device system, the display of 
the user-selected graphical element to change one or more 
visual characteristics of the user-selected graphical element. 
Accordingly, the selection according to the instructions of 
block 710 may be deemed, in some embodiments, to involve 
a first, user-based constituent selection and a second, 
machine-based or automatic constituent selection triggered 
by the user-based constituent selection. 

Although a mouse-click was provided above as an 
example of a user-based constituent selection, and the 
changing of a visual characteristic of the user-selected 
graphical element was provided as an example of a machine 
based constituent selection, it should be noted, however, that 
any form of user-based selection or machine-based selection 
of a graphical element known in the art can be used. In this 
regard, direct interaction with a graphical element itself 
(e.g., by way of a mouse click on the graphical element) is 
not required to directly select the graphical element or its 
corresponding transducer. For example, a user might type a 
unique identifier associated with a graphical element or 
transducer via a keyboard, which can cause direct selection 
of that graphical element or transducer. 

Further, although a user-based constituent selection of a 
user-selected graphical element followed by a machine 
based constituent selection of that user-selected graphical 
element was provided above as an example of constituent 
selections involved with block 710, it should be noted that 
a user-based constituent selection of a first user-selected 
graphical element can also cause a machine-based constitu 
ent selection of a second, different, non-user-selected 
graphical element. For example, a user-performed mouse 
click while the mouse cursor is above a user-selected 
between-graphical element 504 (e.g., a user-based constitu 
ent selection) can cause, possibly among other things, a 
machine-based constituent selection of the non-user-se 
lected transducer graphical elements 502 at each end of the 
user-selected between graphical element 504. In this regard, 
the phrase, “user-selected, when used herein to describe a 
selected graphical element (e.g., a transducer graphical 
element or a between graphical element), is intended to refer 
to a graphical element directly selected by a user, as opposed 
to a non-user-selected graphical element, which is a 
machine-selected graphical element that is machine-selected 
either in response to no user instruction to select any 
graphical element or in response to a user-instruction to 
select a user-selected graphical element different than the 
machine-selected graphical element. In cases where a user 
selection of a user-selected graphical element causes a 
machine-selection of a different graphical element, it can be 
said that the different graphical element is indirectly selected 
by the user. 

Further still, although a user-based constituent selection 
followed by a machine-based constituent selection was 
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provided above as an example of constituent selections 
involved with block 710, it should be noted that any number 
of constituent selections, whether user-based or machine 
based, can be involved with block 710. For example, 
depending upon how the user-interface is structured, one or 
more user-based constituent selections may result in one or 
more machine-based constituent selections. For instance, 
multiple user gestures (e.g., a double-fingered gesture on a 
touch screen, a mouse click-drag-and-release sequence, or 
other multiple user-gesture technique) might be required to 
identify a particular user-selected graphical element in order 
to cause the data processing device system to change the 
visual characteristics of (or provide another form of selec 
tion of) the particular user-selected graphical element. For 
another example, multiple user-based constituent selections 
might be a mouse click-and-hold followed by a dragging of 
a cursor to expand a selection box originating from the initial 
mouse click location, followed by a releasing of the mouse 
button to define the final size of the selection box. This initial 
user-based selection (comprised of the multiple user-based 
constituent selections) could be recognized by the data 
processing device system according to the above-discussed 
first group of instructions, and cause multiple machine 
based or automatic constituent selections performed by the 
data processing device system according to the above 
discussed second group of instructions. For instance, these 
multiple machine-based or automatic constituent selections 
could include a first constituent selection by the data pro 
cessing device system of all graphical elements residing 
within the selection box, followed by a second constituent 
selection of only those graphical elements deemed to reside 
within the selection box whose corresponding transducers 
have been deemed acceptable for concurrent selection (see, 
e.g., the discussions below regarding block 707 in FIG. 7A, 
as well as the discussions below regarding FIG. 7B) or 
activation (see, e.g., the discussions below regarding block 
708 in FIG. 7A and block 804 in FIG. 8). 

Further still, although one or more user-based constituent 
selections followed by one or more machine-based constitu 
ent selections was provided above as an example of con 
stituent selections involved with block 710, it should be 
noted that block 710 might not involve any user-based 
constituent selections. For example, graphical element 
selection according to block 710 might occur based upon 
data received from transducers, and this data might result in 
one or more machine-based or automatic constituent selec 
tions performed by the data processing device system. 

It should be noted that, whenever a selection of a graphi 
cal element is discussed herein, such selection, in some 
embodiments, can include the above-discussed constituent 
selections. However, the above-discussed constituent selec 
tions are not limited to just selections of graphical elements 
and can apply to any selection described herein. For 
example, one or more user-based constituent selections of a 
user-selected graphical element can lead to one or more 
machine-based constituent selections of the user-selected 
graphical element or some other graphical element(s), which 
can lead to one or more machine-based selections of one or 
more transducers corresponding to the machine-selected 
graphical elements, the machine-based selection(s) of the 
one or more transducers possibly causing an activation of 
the one or more transducers. For another example, one or 
more user-based constituent selections of a user-selected 
graphical element can lead to one or more machine-based 
constituent selections of one or more data objects associated 
with the user-selected graphical element, one or more other 
associated graphical elements, one or more transducers 
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associated with the user-selected graphical element, or one 
or more other objects associated with the user-selected 
graphical element, such as for purposes of viewing or 
changing properties of the one or more data objects or 
causing an activation based upon information provided by 
the one or more data objects. It should also be noted that the 
above-discussion regarding block 710 and user and machine 
based selections and constituent selections may apply, in 
some embodiments, to block 710 in FIG. 7B, block 808 in 
FIG. 8, block 908 in FIG. 9, blocks 807 and 808 in FIG. 10, 
block 1102 in FIG. 12, block 1202 in FIG. 13, block 1302 
in FIG. 14, block 1402 in FIG. 15A, block 1502 in FIG. 16, 
or any other selection-based discussions herein. 

In view of the above-discussion regarding selection types 
involved with block 710, in some embodiments, the instruc 
tions of block 710 are provided in a program that includes 
instructions configured to cause the data processing device 
system to receive a selection from the input-output device 
system of a transducer graphical element (e.g., transducer 
graphical element 502 or 602). 
The selection of one or more graphical elements accord 

ing to instructions of block 710 in FIG. 7A may cause, in 
Some embodiments, an activation of at least Some transducer 
sets of a transducer-based device (e.g., 200, 300, or 400) 
according to instructions of block 712. In some embodi 
ments, block 712 includes instructions configured to cause 
an activation of each of at least some of the transducer sets 
of the transducer-based device (e.g., again exemplified by 
transducer based devices 200, 300, or 400) in response to 
receiving a selection of a corresponding one of the graphical 
elements (e.g., graphical elements 501, 601) in accordance 
with selection instructions included in block 710. 

In some embodiments, the program can include activation 
instructions (e.g., in accordance with block 712) configured 
to, in response to receiving the selection of a transducer 
graphical element (e.g., transducer graphical element 502, 
602), cause, via the input-output device system, activation of 
the respective transducer of the transducer-based device 
corresponding to the selected transducer graphical element. 
In various embodiments, the instructions configured to acti 
vate the respective transducer corresponding to the selected 
transducer graphical element include instructions that are 
configured to cause energy from an energy source device 
system (e.g., energy source device system 340) to be deliv 
ered to the respective transducer. In some embodiments, a 
sensing device system (e.g., provided at least in part by a 
number of the transducers) is arranged to sense at least one 
tissue electrical characteristic (e.g., tissue impedance) at a 
respective location at least proximate the respective trans 
ducer corresponding to the selected transducer graphical 
element with the energy delivered to the transducer (e.g., in 
Some embodiments, tissue impedance may be measured 
between transducers on the structure 308 or between a 
transducer on the structure 308 and the indifferent electrode 
326). In some of these various embodiments, the energy is 
Sufficient for ablating tissue (e.g., tissue-ablating energy). In 
some of these various embodiments, an indifferent electrode 
(e.g., indifferent electrode 326) is provided (e.g., usually to 
an external surface of a body) while the transducer-based 
device is received in a bodily cavity within the body. A 
portion of the tissue-ablating energy delivered to the respec 
tive transducer corresponding to the selected transducer 
graphical element may be transmitted from the respective 
transducer to the indifferent electrode in a process typically 
referred to as monopolar ablation. In some embodiments, the 
instructions of block 712 that are configured to activate the 
respective transducer corresponding to the selected trans 
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ducer graphical element includes instructions that are con 
figured to cause a sensing device System (e.g., sensing 
device system 325) to detect electrophysiological activity in 
an intra-cardiac cavity at a location at least proximate the 
respective transducer. The detected electrophysiological 
activity can be displayed as an electrogram via the input 
output device system (e.g. electrograms 535 in various ones 
of FIG. 5). In some embodiments, detection of electrophysi 
ological activity in an intra-cardiac cavity at a location at 
least proximate various ones of the transducers occurs 
continuously. Other forms of activation of the respective 
transducer corresponding to the selected transducer graphi 
cal element are possible in other embodiments. In some 
embodiments, activation of the respective transducer corre 
sponding to the selected transducer graphical element under 
the influence of the instructions configured to activate the 
respective transducer is referred to as monopolar activation. 
Monopolar activation can include activation for monopolar 
ablation or monopolar electrogram generation by way of 
non-limiting example. 

For another example, in some embodiments, the instruc 
tions of block 710 are provided in a program that includes 
selection instructions configured to cause, due to execution 
of the selection instructions by the data processing device 
system (e.g., again exemplified by data processing device 
systems 110 or 310), reception of a selection from the 
input-output device system of a between graphical element 
(e.g., between graphical elements 504 or 604). In accordance 
with the instructions of block 712 the program can include 
activation instructions configured to, in response to receiv 
ing the selection, cause activation, via the input-output 
device system, of a respective set of two or more of the 
transducers (e.g., a pair of the transducers in Some embodi 
ments) of the transducer-based device corresponding to the 
between graphical element. 

Advantageously, activating a set of two or more of the 
transducers based on a selection of a single graphical 
element (e.g., between graphical element 504 or 604) pro 
vides for a workflow that is less cumbersome and more 
expeditious than individually selecting the respective 
graphical elements (e.g., transducer graphical elements 502 
or 602) associated with each transducer of the set of two or 
more of the transducers, especially when 50, 100, 200 or 
even over 300 or more transducer graphical elements are 
provided in the graphical representation. This is even more 
advantageous, when a single graphical element (e.g., 
between graphical element 504 or 604) provides additional 
information (e.g., spatial information) relating each of the 
transducers in the set of two or more of the transducers. For 
example, a between graphical element 504 or 604 can 
indicate a distance between or acceptability-of-activation of 
transducers of a corresponding transducer pair, and, accord 
ingly, the between graphical element 504 or 604 provides, in 
Some embodiments, information about the corresponding 
pair of transducers and, thereby, makes the selection process 
more efficient. In addition, allowing selection of the 
between-graphical elements for corresponding transducer 
activation can provide a more intuitive user-interface in 
certain applications. For example, Such an arrangement 
allows a user to make selections along an ablation path or a 
path along which data is to be obtained, without having to 
focus on the transducers required to make that ablation path 
or acquire that data. The user can, for example, just select a 
path using between graphical elements (e.g., user-based 
selection(s)/constituent selection(s)), and the corresponding 
transducers are automatically selected (e.g., machine-based 
selection(s)/constituent selection(s)) in response. Since vari 
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ous ones of the between graphical elements need not be tied 
to any physical portion of the transducer-based device, they 
can be freely designed to reflect the path (e.g., over tissue or 
fluid) in which their corresponding transducers will interact 
when activated (e.g., by causing ablation or gathering data). 
In this regard, if the between graphical elements are con 
figured to accurately represent their respective path seg 
ments in which ablation or data gathering will occur, accord 
ing to some embodiments, the user can gain an even better 
understanding of the expected results of activation of the 
corresponding transducers. 

In some of the embodiments where the instructions 
according to block 712 are configured to cause a data 
processing device system to activate a respective set of two 
or more of the transducers, the instructions according to 
block 712 include instructions that are configured to cause 
energy from an energy source device system (e.g., energy 
source device system 340) to be delivered to the respective 
set of two or more of the transducers. In some embodiments, 
a sensing device system (e.g., sensing device system 325) is 
arranged to sense at least one tissue electrical characteristic 
(e.g., tissue impedance) at respective locations at least 
proximate each transducer of the respective set of two or 
more of the transducers with the energy delivered to the 
respective set of two or more of the transducers (e.g., in 
Some embodiments, tissue impedance may be measured 
between transducers on the structure 308 or between a 
transducer on the structure 308 and the indifferent electrode 
326). In some embodiments, (a) a portion of the energy 
delivered to a first transducer of the respective set of two or 
more of the transducers (e.g., first transducer 306a) is 
transmitted by the first transducer, (b) a portion of the energy 
delivered to a second transducer of the respective set of two 
or more of the transducers (e.g., second transducer 306b) is 
transmitted by the second transducer, or both (a) or (b). In 
Some of embodiments, (a) a portion of the energy delivered 
to a first transducer of the respective set of two or more of 
the transducers (e.g., first transducer 306a) is transmitted by 
the first transducer to a second transducer of the respective 
set of two or more of the transducers (e.g., second transducer 
306b), (b) a portion of the energy delivered to the second 
transducer of the respective set of two or more of the 
transducers is transmitted by the second transducer to the 
first transducer, or both (a) or (b). In some embodiments, the 
energy is sufficient for ablating tissue (e.g., tissue ablating 
energy). In some example embodiments, a selected between 
graphical element (e.g., between graphical elements 504 or 
604) is representative of a physical path extending between 
a respective pair of the transducers associated with the 
selected between graphical element and the energy is Sufi 
cient for ablating a portion of tissue extending along the 
physical path. A portion of the tissue-ablating energy may be 
transmitted between the respective pair of the transducers in 
a process typically referred to as bipolar ablation. In some 
embodiments, an indifferent electrode (e.g., indifferent elec 
trode 326) is provided (e.g., usually to an external surface of 
a body) while the transducer-based device is received in a 
bodily cavity within the body. Some of the tissue-ablating 
energy may be transmitted between the respective pair of the 
transducers while some of the tissue-ablating energy may be 
transmitted from various ones of the respective pair of the 
transducers to the indifferent electrode in a process typically 
referred to as blended monopolar-bipolar ablation. The term 
“bipolar ablation” as used in this disclosure is to be inter 
preted broadly to include blended monopolar-bipolar abla 
tion in some embodiments. 
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In addition to embodiments where the instructions accord 

ing to block 712 are configured to cause a data processing 
device system to cause bipolar ablation, the instructions 
according to block 712, in some embodiments, are config 
ured to cause a data processing device system to cause 
multi-transducer monopolar ablation with the respective set 
of two or more of the transducers, e.g., dual monopolar 
ablation for two transducers, or triple monopolar ablation for 
three transducers. In Such cases, for example, the respective 
set of two or more of the transducers may be queued for 
monopolar ablation, such that monopolar ablation occurs for 
each transducer in the respective set of two or more of the 
transducers within some period of time, but not necessarily 
at the same time or even contiguously one right after 
another. In this regard, references herein to the occurrence of 
monopolar ablation for more than one transducer may 
include this multi-transducer monopolar ablation according 
to Some embodiments. In addition, any reference herein to 
the occurrence of bipolar ablation may be replaced with the 
occurrence of dual monopolar ablation (or other multi 
transducer monopolar ablation when more than two trans 
ducers are involved), according to some embodiments. 

In some embodiments, the instructions, according to 
block 712, configured to activate the respective set of two or 
more of the transducers include instructions that are config 
ured to cause a sensing device system to detect electrophysi 
ological activity in an intra-cardiac cavity at each of respec 
tive locations at least proximate each of the transducers of 
the set. The detected electrophysiological activity detected 
at each of the respective locations can be displayed as an 
electrogram via the input-output device system (e.g., elec 
trograms 535 shown in various ones of FIG. 5). In some 
example embodiments, a combined electrogram (e.g., a 
bipolar electrogram) (not shown) may be determined (e.g., 
by instructions provided by a program) from the respective 
electrograms associated with each transducer of the respec 
tive set of two or more of the transducers. The program may 
include instructions configured to display the combined 
electrogram via the input-output device system. Other forms 
of activation are possible in other embodiments involving 
activation of a respective set of two or more of the trans 
ducers. In some embodiments, activation under the influence 
of the instructions configured to activate a respective pair of 
transducers associated with a selected between graphical 
element may be referred to as bipolar activation when the 
pair of the transducers is activated in a bipolar manner (e.g., 
bipolar ablation or bipolar electrogram generation). Selec 
tion of each of at least some of the plurality of graphical 
elements 501 or 601 in accordance with the instructions of 
block 710 may include independent selections of each of the 
at least some of the graphical elements 501 or 601. 

Having discussed embodiments where blocks 710 and 
712 follow block 702 in FIG. 7A, a discussion will now 
begin regarding embodiments where block 704 follows 
block 702. Block 704 of method 700, in some embodiments, 
includes instructions (e.g., input instructions included in a 
program) that cause the data processing device system (e.g., 
data processing device systems 110 or 310) to receive 
transducer data from at least some of the transducers via the 
input-output device system. This transducer data can take 
various forms, such as one or more of various detected 
characteristics including, but not limited to, e.g., electrical 
characteristics (such as electrical potential or impedance), 
thermal characteristics (such as temperature), and force. 

Various embodiments can process or analyze the trans 
ducer data received by the data processing device system 
according to the instructions of block 704 in order to, for 
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example, generate and possibly display one or more elec 
trograms, determine the acceptability of selection or activa 
tion of particular transducers, generate a map (e.g., a map of 
anatomical features), determine the status of tissue ablation, 
or combinations of these tasks. Accordingly, it should be 
noted that some embodiments need not be limited to any 
particular form of processing or analysis of the transducer 
data received by the data processing device system accord 
ing to the instructions of block 704. In this regard, although 
various embodiments need not be limited to any particular 
processing or analysis of the transducer data received 
according to the instructions of block 704, block 706 of 
method 700 pertains to some embodiments where the trans 
ducer data is analyzed to identify various regions that 
correspond to at least a portion of one or more anatomical 
features. For example, according to some embodiments, 
block 706 includes instructions (e.g., determination or iden 
tification instructions included in a program) that are con 
figured to identify various regions 525 (e.g., FIGS. 5C-5I) in 
the graphical representation (generated according to the 
instructions of block 702) that correspond to at least a 
portion of one or more anatomical features based at least on 
an analysis of the transducer data. 

In embodiments such as these, where the transducer 
based device is deployed in a bodily cavity (e.g., when the 
transducer-based device takes the form of a catheter device 
arranged to be percutaneously or intravascularly delivered to 
a bodily cavity), it may be desirable to perform various 
mapping procedures in the bodily cavity. Although these 
mapping procedures can be implemented according to the 
instructions of block 706, these mapping procedures can be 
performed at other times, such as any time during the 
generation of or after the display of the graphical represen 
tation of at least a portion of the transducer-based device 
(e.g., block 702, 802, or 902). It is noted that in some 
embodiments, the mapping procedure need not be limited to 
the mapping of various anatomical landmarks. For example, 
when the bodily cavity is an intra-cardiac cavity, the map 
ping procedure may include mapping electrophysiological 
activity in the intra-cardiac cavity. In some embodiments, 
the mapping procedure may include mapping varying 
degrees of contact between various ones of the transducers 
(e.g., electrodes) and a tissue Surface of a bodily cavity into 
which the transducers are located. 
An example of the mapping performed by devices accord 

ing to various embodiments (such as those represented by 
block 706 in FIG. 7A) would be to locate the position of the 
ports of various bodily openings positioned in fluid com 
munication with a bodily cavity. For example, in some 
embodiments, it may be desired to determine the locations 
of various ones of the pulmonary veins or the mitral valve 
that each interrupt an interior Surface of an intra-cardiac 
cavity Such as a left atrium. 

In some example embodiments, the mapping is based at 
least on locating such bodily openings by differentiating 
between fluid and tissue (e.g., tissue defining a Surface of a 
bodily cavity). There are many ways to differentiate tissue 
from a fluid such as blood or to differentiate tissue from a 
bodily opening in case a fluid is not present. Four 
approaches may include by way of non-limiting example: 

1. The use of convective cooling of heated transducer 
elements by fluid. A slightly heated arrangement of trans 
ducers that is positioned adjacent to the tissue that forms the 
interior surface(s) of a bodily cavity and across the ports of 
the bodily cavity will be cooler at the areas which are 
spanning the ports carrying the flow of fluid. 
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2. The use of tissue impedance measurements. A set of 

transducers positioned adjacently to tissue that forms the 
interior surface(s) of a bodily cavity and across the ports of 
the bodily cavity can be responsive to electrical tissue 
impedance. Typically, heart tissue will have higher associ 
ated tissue impedance values than the impedance values 
associated with blood. 

3. The use of the differing change in dielectric constant as 
a function of frequency between blood and tissue. A set of 
transducers positioned around the tissue that forms the 
interior surface(s) of the atrium and across the ports of the 
atrium monitors the ratio of the dielectric constant from 1 
KHZ to 100 KHZ. Such can be used to determine which of 
those transducers are not proximate to tissue, which is 
indicative of the locations of the ports. 

4. The use of transducers that sense force (e.g., force 
sensors). A set of force detection transducers positioned 
around the tissue that forms the interior surface of the bodily 
cavity and across the bodily openings or ports of the bodily 
cavity can be used to determine which of the transducers are 
not engaged with the tissue, which is indicative of the 
locations of the ports. 
The graphical interface of FIG. 5C includes various 

regions 525c (e.g., part of a plurality of regions collectively 
referred to as regions 525 when considering all of the FIG. 
5) added to the graphical representation 500 of the trans 
ducer-based device. The regions 525 could be identified and 
displayed according to the instructions of block 706 in FIG. 
7A in some embodiments. Although, such regions 525 could 
be identified and displayed at other times or according to 
other instructions. In some embodiments, the graphical 
interface depicted in FIG. 5C is generated after the trans 
ducer-based device was received in a bodily cavity having 
various anatomical features of interest and the control button 
526 identified as “Map” was activated via the input-output 
device system to select a mode referred to as “Flow”. 
Techniques for flow-based mapping techniques are dis 
closed in commonly assigned U.S. Patent Application Pub 
lication No.: US 2008/0004534. In various embodiments 
associated with various ones of FIG. 5, the anatomical 
features of interest are ports of a mitral valve and various 
pulmonary veins positioned in fluid communication with an 
intra-cardiac cavity (e.g., a left atrium in this embodiment). 
In these various embodiments, the transducers of the trans 
ducer-based device are distributed adjacent respective 
regions in the intra-cardiac cavity that can include relatively 
lower blood flow regions (e.g., adjacent a tissue Surface of 
the intra-cardiac cavity), relatively higher flow regions (e.g., 
over the ports of the intra-cardiac cavity). It is noted that 
relatively lower blood flow regions in the intra-cardiac 
cavity may occur when a transducer is positioned in contact 
with a tissue surface to restrict blood flow at the contacted 
tissue. In some example embodiments, the relatively large 
number of transducers in the distribution advantageously 
allows for each of the transducers to be positioned adjacent 
their corresponding regions with little or no repositioning of 
the transducer-based device thereby facilitating obtaining 
transducer-based data concurrently from a multitude of 
locations in the bodily cavity. In this example embodiment, 
activation via the input-output device system of the control 
button 526 identified as “Map” can allow for other types of 
maps, including but not limited to, tissue contact maps, 
isochronal maps, isopotential maps, propagation maps, and 
various other Voltage maps associated with intra-cardiac 
electrical activity. 

Returning to the specific case of block 706 in FIG. 7A, 
one or more of the above-discussed mapping procedures 
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may be implemented according to instructions of block 706 
to identify various regions 525 in the graphical representa 
tion that correspond to at least a portion of one or more 
anatomical features based at least on an analysis of the 
transducer data received according to block 704. In some of 
these embodiments, the one or more anatomical features are 
the ports of various bodily openings (e.g., pulmonary veins, 
left lateral appendage, mitral valve) positioned in fluid 
communication with the intra-cardiac cavity and the trans 
ducer data includes data containing various blood flow data 
within the bodily cavity. In this embodiment, the instructions 
in block 706 include instructions that are configured to cause 
the input-output device system to display the identified 
regions 525 of the graphical representation 500. In this 
example embodiment, the various ones of the identified 
regions 525 are shown in the three-dimensional graphical 
representation 500 provided by the graphical interface of 
FIG. 5C and the two-dimensional graphical representation 
500 provided by the graphical interface of FIG. 5D. 

In FIG. 5D, the relatively large region 525a is associated 
with the mitral valve, region 525b is associated with the left 
lateral appendage, regions 525c are associated with the left 
pulmonary vein group and regions 525d are associated with 
the right pulmonary vein group. Each of the regions 525 is 
depicted in the graphical representation 500 with a gradu 
ated pattern provided by the flow identifier 527 in the 
graphical interface of FIG. 5D. A graduated pattern can be 
employed to indicate various regions in the graphical rep 
resentation corresponding to different regions of flow in the 
intra-cardiac cavity. The identified regions 525 may be 
identified by any suitable methods including the use of 
gray-scale patterns, different colors, different opacities, dif 
ferent intensities and different shapes. It is understood that 
other embodiments may employ other techniques to identify 
regions in the graphical representation corresponding to a 
desired anatomical feature. For example, transducer-based 
data containing blood and tissue impedance information 
may be employed to determine regions 525. As previously 
discussed in this detailed description, a selection box 522 
may be optionally enabled to allow for the selective inclu 
sion in the graphical representation of graphical elements 
associated with various anatomical features associated with 
regions 525. 

Identification of the regions 525 may be motivated for 
various reasons. For example, in embodiments in which 
transducers of transducer-based device are activated to treat 
or diagnose various regions in a bodily cavity, the identifi 
cation of various regions 525 and their spatial relationship 
relative to one another may impact the efficacy of the 
treatment or diagnostic procedure. For example, in situations 
in which at least some of the transducers of a transducer 
based device are employed to ablate various regions within 
an intra-cardiac cavity (e.g., to treat atrial fibrillation), 
ablation of a pulmonary vein may result in an undesired 
condition referred to as pulmonary Stenosis. Identification of 
regions 525c., 525d in the graphical representation may be 
employed to reduce occurrences of this undesired condition. 

In some embodiments, contrary to what is shown in FIG. 
7A, block 706 immediately precedes block 710, with block 
707, block 708, or both omitted. However, in some embodi 
ments, block 707 is between blocks 706 and 710 as shown 
in FIG. 7A. In addition, in some embodiments, block 707 
need not occur between blocks 706 and 710 as shown in 
FIG. 7A, and can, for example, instead occur immediately 
after block 704, with block 710 immediately following and 
block 706 omitted. Similarly, in some embodiments, block 
708 is between blocks 706 and 710 as shown in FIG. 7A. 
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However, in some embodiments, block 708 need not occur 
between blocks 706 and 710 as shown in FIG. 7A, and can, 
for example, instead occur immediately after block 704, 
with block 710 immediately following and block 706 omit 
ted. 

In any event, regarding block 707 and block 710, con 
current selection of a set of two or more of the transducers 
in the transducer-based device (e.g., a pair of adjacent 
transducers 306) is provided in some embodiments for 
enhanced workflows that are less cumbersome and more 
expeditious than those associated with non-concurrent selec 
tion of each transducer of the set of two or more of the 
transducers. For example, in Some embodiments, a user 
based selection of a between graphical element (e.g., 
between graphical elements 504 or 604) allows for a 
machine-based concurrent selection of an associated set of 
two or more transducers in various embodiments. 

In this regard, block 707 includes, in some embodiments, 
identification instructions (e.g., instructions provided in a 
program) configured to cause identification of which of the 
respective transducers of each of various sets of two or more 
of the transducers of a transducer-based device are and 
which are not acceptable for concurrent selection. 

Concurrent selection or non-concurrent selection of the 
respective transducers of a given one of the sets of two or 
more of the transducers may be motivated for various 
reasons. For example, concurrent selection of transducers 
may lead to a more expeditious workflow that advanta 
geously reduces diagnostic or treatment times. Conditions, 
however, may not allow for the concurrent selection of the 
respective transducers of each of various ones of selectable 
sets of two or more transducers. 

For example, if a transducer of a transducer pair is 
deemed not-activation-ready (e.g., according to the instruc 
tions of block 708 or block 804, discussed below), the 
transducer pair can be deemed, according to the instructions 
of block 707, to be a transducer set that is not acceptable for 
concurrent selection. A set of two or more transducers (e.g., 
a pair of transducers) that is identified (e.g., via instructions 
of block 708 or block 804, discussed below) as including at 
least one not-activation-ready transducer of the transducer 
based device (e.g., a not-ablation-ready transducer) may, in 
Some embodiments, be deemed, according to the identifica 
tion instructions of block 707, as a set of two or more of the 
transducers of a transducer-based device whose respective 
transducers are not acceptable for concurrent selection. In 
Some embodiments, a set of two or more of the transducers 
that is identified (e.g., via instructions of block 708 or block 
804, discussed below) as not including any not-activation 
ready transducer of the transducer-based device (e.g., a 
not-ablation-ready transducer) may be deemed, according to 
the identification instructions of block 707, as a set of two 
or more of the transducers whose respective transducers are 
acceptable for concurrent selection. 
The identification instructions of block 707 need not be 

limited to causing identification of a set of two or more 
transducers as acceptable or not acceptable for concurrent 
selection, and need not be limited to determining the accept 
ability of concurrency of selection based upon a determina 
tion of activation-ready transducers (e.g., via instructions of 
block 708 or block 804, discussed below). In some embodi 
ments, the identification instructions of block 707 include 
instructions configured to cause, at least in part, the identi 
fication of the respective transducers of each of the sets of 
two or more transducers which are acceptable for concurrent 
selection based at least on an analysis of transducer data 
received in accordance with the instructions of block 704. In 
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other words, acceptability of the concurrency of selection 
can be determined on a transducer-group basis or on an 
individual-transducer basis. These differing approaches can 
lend themselves to different circumstances. For example, in 
some situations, it may be preferable to determine whether 
an entire group of transducers is acceptable for concurrent 
selection, while in other situations, it may be beneficial to 
know whether individual transducers in each group are 
acceptable for concurrent selection. 

In some embodiments, each of the sets of two or more of 
the transducers of the transducer-based device including a 
pair of adjacent transducers that are spaced with respect to 
one another across a corresponding region of space, each 
region of space not including any transducer. In some of 
these embodiments, a determination of whether or not one of 
these regions of space is acceptable for activation by its 
corresponding respective transducer pair is used as a basis 
for determining whether or not the respective transducer pair 
is acceptable for concurrent selection. For example, if the 
region of space is deemed to be acceptable for activation by 
the corresponding respective transducer pair, then the 
respective transducer pair is identified as being acceptable 
for concurrent selection in some embodiments. In some 
embodiments, the regions of space are determined to be 
acceptable for activation of the corresponding respective 
transducers according to determination instructions (e.g., 
according to Some embodiments of the instructions of block 
708 in FIG. 7A or block 804 in FIG. 8, discussed below). In 
this regard, the identification instructions of block 707 may 
be further configured to cause, at least in part, the identifi 
cation of the respective transducers of each of the pairs of 
adjacent ones of the transducers which are acceptable for 
concurrent selection as the respective transducers of each of 
the plurality of pairs of adjacent transducers whose corre 
sponding regions of space have been determined, according 
to determination instructions (not shown, but similar to the 
instructions of block 708 or block 804, discussed below) to 
be acceptable for activation of the corresponding respective 
transducers, and cause, at least in part, the identification of 
the respective transducers of each of the pairs of adjacent 
ones of the transducers which are not acceptable for con 
current selection as the respective transducers of each of the 
plurality of pairs of adjacent transducers whose correspond 
ing regions of space have been determined, according to the 
determination instructions (not shown, similar to the instruc 
tions of block 708 or block 804, discussed below) to be not 
acceptable for activation of the corresponding respective 
transducers. 

Acceptability of concurrency of selection of transducers 
or a region of space corresponding to transducers need not 
based on or solely on a determination of the acceptability of 
activation of the corresponding transducers (e.g., pursuant to 
instructions according to block 708 or block 804, discussed 
below) in some embodiments. In this regard, transducers or 
regions of space each corresponding to transducers can be 
deemed to be acceptable or not acceptable for concurrent 
selection, according to various embodiments of the instruc 
tions of block 707, based on any reason which might make 
it beneficial or not beneficial to concurrently select the 
corresponding transducers. 

In some embodiments, a result of one or more of the 
identifications according to the instructions of block 707 is 
the distinguishing display (e.g., by different visual charac 
teristics) of graphical elements associated with transducers 
identified to be acceptable for concurrent selection as com 
pared to graphical elements associated with transducers 
identified to be not-acceptable for concurrent selection. In 
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this regard, the instructions according to block 707 include, 
in some embodiments, instructions configured to cause the 
graphical representation displayed according to the instruc 
tions of block 702 to visually distinguish its graphical 
elements associated with transducers identified to be accept 
able for concurrent selection as compared to graphical 
elements associated with transducers identified to be not 
acceptable for concurrent selection. In this regard, any 
instructions according to block 707 that affect the appear 
ance of the graphical representation can be considered to be 
part of block 702 in some embodiments. The same applies 
to block 708 (with respect to block 702) in FIG. 7A, block 
804 (with respect to block 802) in FIG. 8, block 812 (with 
respect to block 802) in FIG. 8, block 910 (with respect to 
block 902) in FIG. 9, block 912 (with respect to block 902) 
in FIG. 9, discussed below, and any other similar discussions 
herein, where distinguishing visual characteristics of graphi 
cal elements in a graphical representation facilitate differ 
ences in information or status. 
To elaborate with respect to block 702 for example 

purposes only, various graphical element sets may be dis 
played by the display instructions of block 702, each graphi 
cal element set including one or more graphical elements 
(e.g., graphical elements 501 or 601) and each graphical 
element set associated with a respective one of a number of 
sets of two or more of the transducers (e.g., transducers of 
transducer-based devices 200,300 or 400). Method 700 may 
include instructions (e.g., instructions provided in a pro 
gram), (not shown) configured to cause graphical represen 
tation instructions of block 702 to cause the input-output 
device system (e.g., input-output device system 120 or 320) 
to display each of the graphical element sets associated with 
each of the sets of two or more of the transducers whose 
respective transducers have been identified (e.g., according 
to identification instructions associated with block 707) to be 
acceptable for concurrent selection with a respective set of 
visual characteristics that distinguishes each of the graphical 
element sets associated with each of the sets of two or more 
of the transducers whose respective transducers have been 
identified to be acceptable for concurrent selection from 
each of the graphical element sets associated with each of 
the sets of two or more of the transducers whose respective 
transducers have been identified to be not acceptable for 
concurrent selection. Differences in the displayed visual 
characteristics may include different colors, opacities, hues, 
intensities, shading, patterns, shapes or the addition or 
removal of any displayed information suitable for distin 
guishing a concurrently-selectable transducer set from a 
not-concurrently-selectable transducer set. 

For example, in Some embodiments associated with 
FIGS. 5C and 5D, only the between graphical elements 504 
that are each associated with a corresponding set of trans 
ducers (e.g., a corresponding pair of transducers in this 
embodiment) whose respective transducers are deemed 
acceptable for concurrent selection are displayed, and 
between graphical elements 504 that are associated with a 
corresponding pair of transducers that include at least one 
transducer that is deemed not acceptable for concurrent 
selection are not displayed. The presence or absence of a 
particular graphical element (e.g., a between graphical ele 
ment 504) may form at least part of differences associated 
with displayed visually characteristics referenced in block 
707. 

In various embodiments of FIGS. 5C and 5D, the absent 
between graphical elements 504 indicate that their respec 
tive pairs of transducers each have been identified (e.g., 
according to the instructions of block 708, discussed below) 
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to be over a region of space that is deemed unacceptable for 
activation (e.g., ablation) because such regions of space 
include a portion of a port of a bodily opening, which, in 
Some embodiments, is not acceptable for ablation. These 
identifications lead to a conclusion, in Some embodiments, 
(e.g., according to the instructions of block 707), that these 
respective pairs of transducers are not acceptable for con 
current selection in Some embodiments. In some of these 
embodiments, such as those illustrated by FIGS. 5C and 5D, 
the graphical elements associated with these respective 
transducer pairs identified not to be acceptable for concur 
rent selection, are not displayed so that they are visually 
distinguished from the between graphical elements 504, 
which are displayed and which are associated with respec 
tive transducer pairs that have been identified to be accept 
able for concurrent selection according to the instructions of 
block 707. 
One reason for identifying a transducer set as being 

not-acceptable for concurrent selection according to the 
instructions of block 707 is that the transducer set, when 
activated, could be harmful to an affected region of space. 
However, other factors may also have a bearing on whether 
the respective transducers of a particular set of two more of 
the transducers are deemed concurrently selectable. In addi 
tion, combinations of different factors may be considered in 
the determination of whether the respective transducers of a 
particular set of two or more of the transducers are, or are 
not, acceptable for concurrent selection. 
By way of a non-limiting example, another reason for 

determining a transducer set to be not-acceptable for con 
current selection, according to some embodiments of the 
instructions of block 707, is that transducers in the trans 
ducer set are too far apart, Such that, for example, activation 
of the transducers in the set would lead to a result that may 
be considered ineffective. For example, if a transducer pair 
is too far apart, ablation performed by the pair might not be 
able to reliably form an electrophysiological conduction 
block between them. 

The embodiments of FIG.5J illustrate examples of trans 
ducer pairs being too far apart and, therefore, being deemed 
to be unacceptable for concurrent selection according to 
some embodiments of the instructions of block 707. In this 
regard, FIG. 5J illustrates a graphical interface including a 
graphical representation 500 provided by an input-output 
device system (e.g., input-output device system 120 or 320) 
according to Some embodiments. Graphical representation 
500 in FIG.5J is similar to the graphical representation 500 
in FIG. 5A and includes a plurality of graphical elements 
including various transducer graphical elements and 
between graphical elements. For convenience of discussion, 
the plurality of graphical elements of graphical representa 
tion 500 are identified as graphical elements 501, the plu 
rality of transducer graphical elements of graphical repre 
sentation 500 are identified as transducer graphical elements 
502, and the between graphical elements of graphical rep 
resentation 500 are identified as between graphical elements 
504. The graphical elements 501 in graphical representation 
500 in FIG. 5J are arranged in a plurality of rows 510 (e.g., 
latitudinal rows) and a plurality of columns 512 (e.g., 
longitudinal columns) in a manner similar to that shown by 
graphical representation 500 in FIG. 5A. The transducer 
graphical elements 502 and between graphical elements 504 
in graphical representation 500 in FIG. 5J have similar 
associations with a spatial distribution of transducers (e.g., 
transducers 306 in FIG. 3A, 3B) as their counterparts in 
graphical representation 500 in FIG. 5A. 
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In this illustrated embodiment, graphical representation 

500 in FIG.5J is distinguished from graphical representation 
500 in FIG. 5A in various ways including an absence of a 
between graphical element 504 between the respective trans 
ducer graphical elements 502 of various adjacent pairs of the 
transducers graphical elements 502. For example, a between 
graphical element 504 is not displayed between adjacent 
transducer graphical elements 502d and 502e. In this illus 
trated embodiment, an absence of between graphical ele 
ments 504 occurs in some of the rows 510. In this illustrated 
embodiment, the presence or absence of a particular between 
graphical element 504 in the graphical representation 500 in 
FIG. 5J is indicative, at least in part, of differences in the 
visual characteristics of particular graphical elements 501 
associated with sets of two or more transducers whose 
respective transducers have been identified by the instruc 
tions of block 707 to be acceptable for concurrent selection 
and particular graphical elements 501 associated with sets of 
two or more transducers whose respective transducers have 
been identified by the instructions of block 707 to be not 
acceptable for concurrent selection. In various example 
embodiments, between graphical elements 504 are displayed 
between corresponding pairs of transducer graphical ele 
ments 502 associated with transducers that have been iden 
tified by the instructions of block 707 to be acceptable for 
concurrent selection, while between graphical elements 504 
are not displayed between corresponding pairs of transducer 
graphical elements 502 associated with transducers that have 
been identified by the instructions of block 707 to be not 
acceptable for concurrent selection. 

In some example embodiments, the instructions 707 are 
further configured to cause, at least in part, the identification 
of the respective transducers of each of the pairs of adjacent 
ones of the transducers in a distribution which are acceptable 
for concurrent selection as the respective transducers of each 
of the plurality of pairs of adjacent ones of the transducers 
in the distribution having a respective transducer-to-trans 
ducer distance that is not greater than a target transducer 
to-transducer distance, and cause identification, at least in 
part, of the respective transducers of each of the pairs of 
adjacent ones of the transducers in the distribution which are 
not acceptable for concurrent selection as the respective 
transducers of each of the plurality of pairs of adjacent ones 
of the transducers in the distribution having a transducer 
to-transducer distance that is greater than the target trans 
ducer-to-transducer distance. In embodiments involving 
relatively low temperature ablations, the target transducer 
to-transducer distance might be one-half an electrode width. 
In embodiments involving relatively higher temperature 
ablations, larger target transducer-to-transducer distances 
might be sufficient. In various embodiments, ablation tem 
peratures lower than the thermal coagulation temperature of 
blood are preferred. Other factors that may impact the target 
transducer-to-transducer distance might include tissue thick 
ness, tissue type, characteristics of fat layers embedded in 
the tissue, the blood's Susceptibility to forming coagulum, 
and whether or not a pair of transducers performing the 
ablation are separated by a physical portion of the trans 
ducer-based device, such as by an elongate member 304. In 
Some embodiments, a target transducer-to-transducer dis 
tance associated with a particular pair of the transducers is 
determined or selected to increase a likelihood that a elec 
trophysiological conduction block that blocks electrophysi 
ological activity between the particular pair of transducers 
will be formed in tissue upon activation of the transducers. 
In some embodiments, concurrent selection of a pair of 
transducers whose activation would not likely result in a 
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desired electrophysiological conduction block may be 
deemed unacceptable according to the instructions of block 
707. 

It is noted that different target transducer-to-transducer 
distances may be employed for different pairs of the trans 
ducers. For example, a first target transducer-to-transducer 
distance associated with a pair of transducers spaced with 
respect to one another over a region of space that includes 
a physical portion of a structure on which the transducers are 
located (e.g., structure 308) may be different (e.g., greater) 
than a second target transducer-to-transducer distance asso 
ciated with a pair of transducer that are spaced with respect 
to one another across a region of space that does not include 
a physical portion of a Supporting structure (e.g., structure 
308). In the embodiments of FIG. 5.J. between graphical 
elements 504 are not displayed between transducers graphi 
cal elements 502 arranged in particular ones of the rows 510 
having the greatest depicted spacing between adjacent trans 
ducer graphical elements 502. 

In some particular embodiments, between graphical ele 
ments 504 are not displayed between transducer graphical 
elements 502 arranged in rows 510a and 510b, because the 
transducer-to-transducer distances of the transducers (e.g., 
transducers 306) corresponding to these transducer graphi 
cal elements 502 in these rows each exceeds a target distance 
(e.g., in use). Therefore, in some embodiments, it is deter 
mined (e.g., according to the instructions of block 707) that 
the transducers corresponding to the transducer graphical 
elements 502 along rows 510a and 510b are not acceptable 
for concurrent selection, which results in the non-display of 
the corresponding between graphical elements 504. How 
ever, between graphical elements 504 are displayed between 
transducer graphical elements 502 arranged in the other 
rows (including row 510c), because the transducer-to-trans 
ducer distances of the transducers corresponding to these 
transducer graphical elements 502 in these rows each are 
within a target distance. Therefore, in some embodiments, it 
is determined (e.g., according to the instructions of block 
707) that the transducers corresponding to the transducer 
graphical elements 502 along the other rows (besides rows 
510a and 510b) are acceptable for concurrent selection, 
which results in the display of the corresponding between 
graphical elements 504. 

It should be noted that although the embodiments of FIG. 
5J illustrate the unacceptability of concurrency of selection 
of various transducer pairs latitudinally arranged on a Sup 
porting structure due to excessive transducer-to-transducer 
distance, acceptability of concurrency of selection of trans 
ducer pairs or larger groups can be determined on an 
individual transducer-group basis and based on other factors 
or other factors in conjunction with transducer-to-transducer 
distance. For example, a transducer-based device (e.g., simi 
lar to transducer-based device 300) represented by a graphi 
cal representation in FIG. 5J may contort when placed in a 
bodily cavity, and therefore, transducer-to-transducer dis 
tances may vary between transducer pairs in Some directions 
(e.g., across regions of space that do not include a physical 
portion of the Supporting structure). Therefore, in some 
embodiments, the transducer-to-transducer distances are cal 
culated in real time for each possible transducer pair via 
transducer data received according to the instructions of 
block 704, and based at least upon this transducer data, each 
possible transducer pair is identified as being acceptable or 
not acceptable for concurrent selection according to the 
instructions of block 707, and the corresponding between 
graphical elements are consequently displayed or not dis 
played in the graphical representation. In some embodi 
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ments, a particular transducer pair is identified as being 
acceptable or not acceptable for concurrent selection accord 
ing to the instructions of block 707 on the basis of other 
factors in addition to the transducer-to-transducer distance 
associated with the particular transducer pair (e.g., location 
of the transducer pair to a particular anatomical feature). 

Further, in Some embodiments, acceptability of concur 
rency of selection need not be performed on a transducer 
pair-basis. For example, in some of these embodiments, a 
group of three or more transducers that could form one 
possible ablation path could be evaluated as a group to 
determine whether all transducers within that group are 
acceptable for concurrent selection, e.g., to determine 
whether a possible ablation path is acceptable of activation 
(e.g., ablation). In this regard, in some embodiments, the 
instructions of block 707 are configured to cause identifi 
cation, for each of a plurality of transducer sets of three or 
more transducers (e.g., each representing a possible ablation 
path), whether or not all transducers within the correspond 
ing transducer set are acceptable for concurrent selection. 

Having discussed the identification of transducer sets that 
are acceptable and transducer sets that are not acceptable for 
concurrent selection according to the instructions of block 
707, a discussion of some embodiments of graphical ele 
ment selection and activation according to the instructions of 
blocks 710 and 712 in FIG. 7A will now be discussed with 
respect to FIG. 7B. 

FIG. 7B includes an exploded view of the selection 
instructions of block 710 and the activation instructions of 
block 712 according to some example embodiments. In 
some embodiments, all of the blocks shown in FIG. 7B may 
not be required. Block 710A includes first selection instruc 
tions (e.g., instructions provided in a program) configured to 
cause selection (e.g., a first selection) of at least one graphi 
cal element in a first graphical element set of a plurality of 
graphical element sets. In some embodiments, the first 
graphical element set is associated with a first one of the sets 
of two or more of the transducers whose respective trans 
ducers have been identified according to the instructions of 
block 707 to be acceptable for concurrent selection, and the 
first selection instructions are configured to cause concurrent 
selection, in response to the selection of the at least one 
graphical element in the first graphical element set, of the 
respective transducers of the first one of the sets of two or 
more of the transducers. However, identification of the 
respective transducers as acceptable for concurrent selec 
tion, and concurrent selection of the respective transducers 
may not be required in Some embodiments. 

For example, a user might directly select a between 
graphical element such as a between graphical element 504 
or 604 (i.e., the between graphical element is a user-selected 
between graphical element), which might cause the first 
selection instructions to cause the data processing device 
system to (a) perform a machine-selection of the user 
selected between graphical element (e.g., by changing its 
visual characteristics), and (b) perform a machine-selection 
(or in Some embodiments, a concurrent selection) of the 
transducers in a transducer pair corresponding to the user 
selected between graphical element. In some embodiments, 
the transducer pair is identified to be acceptable for concur 
rent selection. In some embodiments, the machine-based 
selection of the transducer pair may lead to an activation (or 
in some embodiments, a concurrent activation) of the trans 
ducers of that pair (e.g., block 712A, discussed below). In 
Some embodiments, including, but not limited to embodi 
ments where the user directly selects a between graphical 
element (i.e., the between graphical element is user-se 
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lected), the machine-selection(s) may or may not include a 
machine-selection of a transducer graphical element. In 
Some embodiments, the first selection does not include a 
user-selected transducer graphical element. In some embodi 
ments, including, but not limited to embodiments where the 
user directly selects a between graphical element, the selec 
tion of the at least one graphical element in the first graphical 
element set according to the instructions of block 710A is a 
selection, at one time, of each of the at least one graphical 
element in the first graphical element set. For example, the 
user directly selects, at one time, a between graphical 
element via amouse click with the cursor above the between 
graphical element, which causes a corresponding machine 
selection, at one time, of the user-selected between graphical 
element, e.g., by changing a visual characteristic of the 
user-selected between graphical element. Although the 
above-discussion regarding block 710A includes examples 
involving both a user graphical element selection and a 
machine graphical element selection, Some embodiments 
involve only a machine graphical element selection at block 
710A. 

Block 710B includes second selection instructions con 
figured to cause selection (e.g., a second selection as 
opposed to the first selection discussed above with respect to 
block 710A) of at least one graphical element in a second 
graphical element set of the graphical element sets. In some 
embodiments, the second graphical element set is associated 
with a second one of the sets of two or more of the 
transducers whose respective transducers have been identi 
fied according to the instructions of block 707 to be not 
acceptable for concurrent selection, and the second selection 
instructions are configured to cause non-concurrent selec 
tion, in response to the selection of the at least one graphical 
element in the second graphical element set, of the respec 
tive transducers of the second one of the sets of two or more 
of the transducers. However, identification of the respective 
transducers as not acceptable for concurrent selection, and 
non-concurrent selection of the respective transducers are 
not required in some embodiments. In some embodiments, 
the selection of the at least one graphical element in the 
second graphical element set is a selection, over a time 
interval, of at least two of the graphical elements in the 
second graphical element set. 

For example, a user might directly select a first transducer 
graphical element such as a first transducer graphical ele 
ment 502 or 604 (i.e., the first transducer graphical element 
is a user-selected transducer graphical element), which 
might cause the second selection instructions to cause the 
data processing device system to (al) perform a selection (or 
machine selection) of the user-selected first transducer 
graphical element (e.g., by changing its visual characteris 
tics), and (b1) select the transducer corresponding to the 
user-selected first transducer graphical element. Then, the 
user might directly select a second transducer graphical 
element Such as a second transducer graphical element 502 
or 604 (i.e., the second transducer graphical element is a 
user-selected transducer graphical element), which might 
cause the second selection instructions to cause the data 
processing device system to (a2) perform a selection (or 
machine selection) of the user-selected second transducer 
graphical element (e.g., by changing its visual characteris 
tics), and (b2) select the transducer corresponding to the 
user-selected second transducer graphical element. Accord 
ingly, in some embodiments, the user-selections of the first 
and second transducer graphical elements over a time inter 
Val cause the corresponding machine-selections of the first 
and second transducer graphical elements over a time inter 
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val. In some embodiments, these machine selections (b1) 
and (b2) of the transducers corresponding to the user 
selected first and second transducer graphical elements are 
non-concurrent selections. In some embodiments, the 
machine-based selections (b1) and (b2) of the transducers 
corresponding to the user-selected first and second trans 
ducer graphical elements may lead to an activation (or in 
Some embodiments, a non-concurrent activation) of Such 
transducers (e.g., block 712, discussed below). 

In some embodiments, the second graphical element set 
selected according to the instructions of block 710B has a 
different number of graphical elements than the first graphi 
cal element set selected according to the instructions of 
block 710A. For example, the second graphical element set 
selected according to the instructions of block 710B could 
include two transducer graphical elements 502, while the 
first graphical element set selected according to the instruc 
tions of block 710A could include, in some embodiments, 
only a between graphical element 504 or, in other embodi 
ments, two transducer graphical elements 502 and a between 
graphical element 504. 

Block 712A shown in FIG. 7B includes activation instruc 
tions (e.g., instructions provided in a program) configured to 
cause activation of the transducers corresponding to the first 
graphical element set selected according to the instructions 
of block 710A. Block 712B shown in FIG. 7B includes 
activation instructions (e.g., instructions provided in a pro 
gram) configured to cause activation of the transducers 
corresponding to the second graphical element set selected 
according to the instructions of block 710B. 

In some embodiments, the activation instructions of block 
712A include activation instructions configured to, in 
response to the concurrent selection of the respective trans 
ducers of the first one of the sets of two or more of the 
transducers cause concurrent activation, via the input-output 
device system (e.g., input-output device system 120 or 320), 
of each of the respective transducers of the first one of the 
sets of two or more of the transducers. In some embodi 
ments, the concurrent activation may include monopolar 
activation of each of the respective transducers of the first 
one of the sets of two or more of the transducers. In some 
embodiments, the concurrent activation may include bipolar 
activation between the respective transducers of the first one 
of the sets of two or more of the transducers. The monopolar 
or bipolar activation of the respective transducers of the first 
one of the sets of two or more of the transducers may include 
Sufficient energy being delivered from an energy source 
device system (e.g., energy source device system 340) to 
each of the respective transducers of the first one of the sets 
of two or more of the transducers, the energy sufficient to 
cause ablation of tissue in a bodily cavity. In some of these 
embodiments, conditions allow for the energy to be suffi 
cient to cause an electrophysiological activity conduction 
block to be formed in the tissue between the respective 
transducers of the first one of the sets of two or more of the 
transducers. 

In some embodiments, the activation instructions of block 
712B include second activation instructions configured to, in 
response to the non-concurrent selection of the respective 
transducers of the second one of the sets of two or more of 
the transducers cause non-concurrent activation, via the 
input-output device system, of each of the respective trans 
ducers of the second one of the sets of two or more of the 
transducers. In some embodiments, the activation instruc 
tions of block 712B include second activation instructions 
configured to, in response to the non-concurrent selection of 
the respective transducers of the second one of the sets of 
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two or more of the transducers, preclude bipolar activation, 
via the input-output device system, between the respective 
transducers of the second one of the sets of two or more of 
the transducers. In various embodiments, selection instruc 
tions (e.g., the selection instructions of block 808) allow for 
the concurrent selection of a pair of transducers by the 
selection of a particular between graphical element 504 
made in accordance with various aspects of method 700. 

In some embodiments associated with FIG. 7B, a first 
selection of at least one of the graphical elements 501 (e.g., 
between graphical element 504a shown in FIG. 5F, for 
example) from a first graphical element set is caused accord 
ing to first selection instructions (e.g., instructions of block 
710A) to select a first pair of transducers made up of a first 
transducer and a second transducer (e.g., transducers 306). 
FIG. 5F is considered to include a group of transducer 
graphical elements 502, and in some of these embodiments, 
the first selection may not include a user selection of any 
user-selected transducer graphical elements 502 in the group 
(e.g., the first selection could be for the between graphical 
element 504a in cases where the first selection is only for 
transducer pairs deemed to be concurrently selectable 
according to the instructions of block 707). 

In some embodiments, a second selection of at least one 
of the graphical elements 501 in FIG.5F is caused according 
to second selection instructions (e.g., instructions of block 
710B) to select a second pair of the transducers made up of 
the first transducer and a third transducer. For example, in 
Some embodiments, the second selection may not include a 
user selection of any user-selected transducer graphical 
elements 502 (e.g., the second selection could be for the 
between graphical element 504d in cases where the second 
selection is only for transducer pairs deemed to be concur 
rently selectable according to the instructions of block 707). 
In some embodiments, the second selection may not include 
a user selection of any user-selected between graphical 
elements 504 (e.g., the second selection could be for at least 
a selected transducer graphical element (e.g., transducer 
graphical element 502f shown in FIG.5F) in cases where the 
second selection is only for transducer pairs deemed to be 
not-concurrently selectable according to the instructions of 
block 707). In various embodiments, each of the first, the 
second, and the third transducers are different transducers 
which respectively correspond to transducer graphical ele 
ments 502a, 502b and 502f. In various embodiments, each 
of the first pair of transducers and the second pair of 
transducers (each selected by respective ones of the first 
selection according to the instructions of block 710A and the 
second selection according to the instructions of block 
710B, for example) is an adjacent pair of transducers in a 
distribution of transducers. In some embodiments, the sec 
ond selection includes a selection of at least two transducer 
graphical elements in the group (e.g., transducer graphical 
elements 502f and 502a). 
As stated above, a first spatial relationship between the 

plurality of transducer graphical elements 502 in the graphi 
cal representation of FIG. 5F, for example, may be consis 
tent with a second spatial relationship between correspond 
ing ones of the transducers in the distribution. In some 
embodiments, each of between graphical elements 504a and 
504d is associated with a respective region of space that does 
not include a physical portion of a structure on which the 
transducers are located (e.g., structure 308). In other 
embodiments, at least one of the first pair and the second pair 
of transducers may correspond to a between graphical 
element 504 that is associated with a region of space that 
includes a physical portion of the structure. Such distinc 
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tions can be important, as discussed herein, in determining 
the acceptability of concurrency of selection of graphical 
elements and transducers, the acceptability of activation of 
transducers, the duration of activation, and for other reasons 
discussed herein. 
As discussed above, the selections according to the 

instructions of blocks 710A and 710B can occur by way of 
any combination of one or more machine-based constituent 
selections and, optionally or additionally, user-based con 
stituent selections. In some embodiments, each of the first 
selection (e.g., according to the instructions of block 710A) 
and the second selection (e.g., according to the instructions 
of block 710B) includes a user-selected graphical element 
501 selected by a user according to a user instruction (e.g., 
a user-based constituent selection, as discussed above) to 
select the user-selected graphical element 501. In some 
embodiments, the first selection, the second selection, or 
each of the first selection and the second selection does not 
include a selection of a user-selected transducer graphical 
element 502 made in response to a user instruction to select 
the transducer graphical element. For instance, a user may 
instruct selection of a between graphical element 504, which 
can cause a machine-based selection of a pair of transducer 
graphical elements 502 that correspond to the user-selected 
between graphical element 504, and, optionally, a machine 
based selection of a pair of transducers that correspond to the 
pair of transducer graphical elements 502. In some embodi 
ments, the second selection does not include a selection of 
a user-selected transducer graphical element 502 made in 
response to a user instruction to select the transducer graphi 
cal element. 

While in some embodiments, both the first selection (e.g., 
according to the instructions of block 710A) and the second 
selection (e.g., according to the instructions of block 710B) 
do not include a selection of a user-selected transducer 
graphical element made 502 in response to a user selection 
to select the user-selected transducer graphical element 502, 
in other embodiments, the second selection may include a 
selection of at least one user-selected between graphical 
element 504 (e.g., 504d) (e.g., made in response to a 
user-instruction to select the at least one user-selected 
between graphical element). 

Block 710C shown in FIG. 7B includes third selection 
instructions employed in some embodiments, the third selec 
tion instructions configured to, in response to receiving a 
user instruction to select at least one user-selected graphical 
element, cause the data processing device system (e.g., data 
processing device system 110 or 310) to a select at least one 
other graphical element. In one particular embodiment, the 
third selection instructions are configured to cause the data 
processing device system to select at least a second graphi 
cal element (e.g., transducer graphical elements 502a and 
502b) in response to a user instruction to select between 
graphical element 504a. In this particular embodiment, the 
third selection instructions are configured to select at least a 
third graphical element (e.g., transducer graphical elements 
502a and 502f) in response to a user instruction to select the 
user-selected between graphical element 504d. Visual char 
acteristics of user-selected graphical elements and graphical 
elements selected by the data processing device system in 
response to receiving a user instruction to select at least one 
user-selected graphical element may be changed as dis 
cussed above. In some embodiments, the first activation 
instructions of block 712A, the second activation instruc 
tions of block 712B or each of the first and the second 
activation instructions include instructions configured to 
cause activation of a corresponding one of the sets of two or 



US 9,439,713 B2 
87 

more of the transducers in response to the selection of at 
least one graphical element made by the data processing 
device system in response to at least receiving a user 
instruction to select at least one user-selected graphical 
element. 

Having discussed identifying the acceptability of concur 
rency of selection of transducer sets with respect to block 
707 and corresponding subsequent selection of transducer 
graphical elements and activation of corresponding trans 
ducers pursuant to FIG. 7B, block 708 in FIG. 7A will now 
be described. Block 708 can include, in some embodiments, 
instructions provided by a program to cause the data pro 
cessing device system to identify activation-ready transduc 
ers and not-activation-ready transducers based at least upon 
an analysis of transducer data (e.g., received according to the 
instructions of block 704). For example, in some embodi 
ments, if the analysis of the transducer data indicates that 
certain transducers are located above an anatomical feature 
that should not be ablated, those certain transducers are 
identified according to the instructions of block 708 to be 
not-activation-ready transducers. Another example of not 
activation-ready transducers includes those that have insuf 
ficient contact with tissue to properly ablate or acquire tissue 
characteristics, as determined, for example, according to 
measurements (e.g., various electrical, force, or pressure 
measurements) represented in the transducer data. The 
instructions according to block 708 include, in some 
embodiments, instructions configured to cause the graphical 
representation displayed according to the instructions of 
block 702 to visually distinguish the not-activation-ready 
transducers from the activation-ready transducers. 

In this regard, block 708 includes, in some embodiments, 
instructions (e.g., identification instructions) provided by a 
program configured to cause the data processing device 
system to identify activation-ready transducers of the trans 
ducer-based device as transducers deemed, based at least on 
an analysis of the transducer data (e.g., received according 
to the instructions of block 704), acceptable for activation 
(e.g., activation according to the instructions of block 712), 
and not-activation-ready transducers of the transducer-based 
device as transducers deemed, based at least on the analysis 
of the transducer data, not acceptable for activation (e.g., 
activation according to the instructions of block 712). 
As discussed above, the identification of activation-ready 

transducers and not-activation-ready transducers of a trans 
ducer-based device in accordance with the instructions of 
block 708 can take different forms. In this regard, block 804 
in FIG. 8 provides an example of the instructions of block 
708 in FIG. 7A, according to some embodiments. It should 
be noted that block 802 corresponds to block 702 in some 
embodiments, blocks 806 and 808 correspond to block 710 
in some embodiments, and block 810 corresponds to block 
712 in some embodiments. However, in some embodiments, 
FIG. 8 stands on its own independently of FIG. 7A. In this 
regard, the method 800 pertains to ablation-causing activa 
tions, although it is understood that other forms of activation 
may be employed in other embodiments. Reference to at 
least some of FIG. 5 continues with the discussion of FIG. 
8 for convenience of discussion. In some embodiments, 
method 800, like method 700, may include a subset of the 
associated blocks or additional blocks than those shown. In 
addition, in some embodiments, method 800, like method 
700, may include a different sequence between various ones 
of the associated blocks than those shown in FIG. 8. 
The example of block 804, in some embodiments, 

includes instructions (e.g., identification instructions pro 
vided by a program) configured to identify an activation 
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ready transducer of the transducer-based device (e.g., trans 
ducer-based devices 100, 300, 400) as a transducer that is 
associated with or adjacent a region of space deemed, based 
at least on an analysis of the transducer data, acceptable for 
ablation. In some embodiments, this “adjacent region of 
space' is a region of space that includes matter that would 
be activated, ablated, or otherwise interacted with by the 
corresponding transducer due to ablation activation or other 
activation of the corresponding transducer. In some embodi 
ments, a region of space is determined, in view of an 
analysis of the transducer data, to be acceptable for ablation 
or activation of a corresponding transducer set, when the 
region of space is not determined to be unacceptable for 
ablation or activation. In some embodiments, a region of 
space is determined, in view of an analysis of the transducer 
data, to be not acceptable for ablation or activation of a 
corresponding transducer set, when all or particular matter in 
the region of space may be negatively or unacceptably 
negatively impacted by the ablation or activation of the 
corresponding transducer set. In some embodiments, block 
804 includes instructions (not shown, e.g., identification 
instructions provided by a program) configured to cause 
identification of an activation-ready transducer of the trans 
ducer-based device (e.g., transducer-based devices 100, 300, 
400) as a transducer that is deemed, based at least on an 
analysis of the transducer data, to be located within sufficient 
proximity to a region of space, the Sufficient proximity 
deemed acceptable for ablation. In some embodiments, this 
Sufficient proximity is deemed to require contact between 
the transducer and the tissue to be ablated. 

In some embodiments, block 804 also includes instruc 
tions (e.g., identification instructions provided by a pro 
gram) configured to identify a not-activation-ready trans 
ducer of the transducer-based device as a transducer that is 
adjacent a region of space deemed, based at least on the 
analysis of the transducer data, not acceptable for ablation. 
In some embodiments, block 804 includes instructions (not 
shown, e.g., identification instructions provided by a pro 
gram) configured to identify a not-activation-ready trans 
ducer of the transducer-based device (e.g., transducer-based 
devices 100, 300, 400) as a transducer that is deemed, based 
at least on an analysis of the transducer data, not within 
Sufficient proximity to a region of space, the Sufficient 
proximity deemed acceptable for ablation. 

It is understood that a transducer may be identified as an 
activation-ready transducer or not-activation-ready trans 
ducer on the basis of other criteria in other embodiments. In 
Some embodiments, activation-ready transducers are 
referred to as ablation-ready transducers and not-activation 
ready transducers are referred to as not-ablation-ready trans 
ducers. In some embodiments, at least two of the ablation 
ready transducers or at least two of the not-ablation-ready 
transducers may be located on a same structural member 
(e.g., an elongate member 304) of a transducer-based device. 
In some embodiments, at least two of the ablation-ready 
transducers or at least two of the not-ablation-ready trans 
ducers may be located on different structural members (e.g., 
different elongate members 304) of a transducer-based 
device. These differences can be important as transducers 
along a structural member may have different ablation 
characteristics than transducers located on different struc 
tural members that have no physical portion of the trans 
ducer based device between them. For example, ablation 
along structural members may have, for example, different 
insulating effects on ablation as compared to ablation 
between structural members. 
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In some embodiments where the transducer-based device 
or a portion thereof is receivable or positionable in a bodily 
cavity, the instructions of block 804 may include instructions 
configured to require that, in order for a region of space to 
be deemed acceptable for ablation, the region of space be 
determined, based at least on the analysis of the transducer 
data (e.g., received according to the instructions of block 
704, which may be part of block 804 or between blocks 802 
and 804 in some embodiments), to be associated with a 
tissue in the bodily cavity that is acceptable for ablation. The 
instructions of block 804 may include instructions config 
ured to require that, in order for a region of space to be 
deemed not acceptable for ablation, the region of space be 
determined, based at least on the analysis of the transducer 
data, to be associated with a tissue in the bodily cavity that 
is not acceptable for ablation. In some embodiments, the 
bodily cavity is an intra-cardiac cavity and the tissue in the 
bodily cavity that is not acceptable for ablation is blood. 

In some embodiments where the transducer-based device 
or a portion thereof is receivable or positionable in a bodily 
cavity, the instructions of block 804 may include instructions 
configured to require that, in order for a region of space to 
be deemed acceptable for ablation, the region of space be 
determined, based at least on the analysis of the transducer 
data, to be associated with an anatomical feature of the 
bodily cavity that is acceptable for ablation. The instructions 
of block 804 may include instructions configured to require 
that, in order for a region of space to be deemed not 
acceptable for ablation, the region of space be determined, 
based at least on the analysis of the transducer data, to be 
associated with an anatomical feature of the bodily cavity 
that is not acceptable for ablation (e.g., a pulmonary vein). 

In some embodiments where the transducer-based device 
or a portion thereof is receivable or positionable in a bodily 
cavity that includes a tissue wall surface interrupted by one 
or more ports in fluid communication with the bodily cavity, 
the instructions of block 804 may include instructions con 
figured to require that, in order for a region of space to be 
deemed not acceptable for ablation, the region of space be 
determined, based at least on the analysis of the transducer 
data, to overlie a least part of a port of the one or more ports. 

Referring back to FIGS. 5C and 5D, the various regions 
525 are associated with regions of space deemed not suitable 
or acceptable for ablation while various other regions of the 
graphical representation that exclude regions 525 are asso 
ciated with regions of space deemed suitable for ablation in 
this illustrated embodiment. In some embodiments, like the 
above-discussion with respect to blocks 708 and 702, 
regions of space deemed suitable for ablation can be visually 
distinguished from the regions of space deemed not suitable 
for ablation in the graphical representation displayed accord 
ing to the instructions of block 802. In this regard, the 
graphical representation instructions for visually distin 
guishing the regions of space deemed Suitable for ablation 
from the regions of space deemed not suitable for ablation 
may reside in block 804 or in 802, according to some 
embodiments. In any event, these graphical representation 
instructions (e.g., graphical representation instructions 
included in a program) may be configured, in some embodi 
ments, to cause an input-output device system (e.g., input 
output device system 120 or 320) to display a graphical 
representation of at least a portion of a transducer-based 
device. 

In some embodiments, like the above-discussion with 
respect to blocks 708 and 702, the graphical representation 
instructions may include instructions configured to cause the 
input-output device system to display the graphical elements 
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501 that are associated with transducer sets including the 
ablation-ready transducers with a first set of visual charac 
teristics and to display the graphical elements 501 that are 
associated with transducer sets including the not-ablation 
ready transducers with a second set of visual characteristics 
different than the first set of visual characteristics. In some 
embodiments, the first set of visual characteristics, the 
second set of visual characteristics, or both the first and the 
second sets of visual characteristics each includes a plurality 
of different visual characteristics. Different visual charac 
teristics can include different colors, opacities, hues, inten 
sities, shading, patterns, shapes or the addition or removal of 
any displayed information Suitable for distinguishing an 
ablation-ready transducer from a not-ablation-ready trans 
ducer. In the embodiment of FIGS. 5C and 5D, transducer 
graphical elements 502 that are positioned over any of the 
regions 525 (e.g., transducer graphical elements 502 asso 
ciated with not-ablation-ready transducers) are displayed 
with different visual characteristics (e.g., a thick line circle 
in this embodiment) than the transducers graphical elements 
502 that are not positioned over any of the regions 525 (e.g., 
transducer graphical elements 502 associated with the abla 
tion-ready transducers). 

In the embodiment illustrated in FIGS. 5C and 5D, only 
the between graphical elements 504 that are each associated 
with a corresponding set of transducers (e.g., a correspond 
ing pair of transducers in this embodiment) that includes 
only ablation-ready transducers are displayed. In the 
embodiment illustrated in FIGS. 5C and 5D, only the 
between graphical elements 504 that are each associated 
with a respective region of space that is located between a 
corresponding pair of transducers that includes only abla 
tion-ready transducers are displayed. In the embodiment 
illustrated in FIGS. 5C and 5D, only the between graphical 
elements 504 that are each associated with a respective 
region of space that does not include any transducer and 
does not include any portion of a region of spaced deemed, 
based at least on the transducer data, not acceptable for 
ablation are displayed. 

In the embodiment illustrated in FIGS. 5C and 5D, each 
of the between graphical elements 504 that is associated 
with a corresponding set of transducers (e.g., a correspond 
ing pair of transducers in this embodiment) that includes at 
least one not-ablation-ready transducers is not displayed. In 
the embodiment illustrated in FIGS. 5C and 5D, each of the 
between graphical elements 504 that is associated with a 
region of space between a corresponding pair of transducers 
that includes at least one not-ablation-ready transducer is not 
displayed. In the embodiment illustrated in FIGS. 5C and 
5D, each of the between graphical elements 504 that is 
associated with a region of space that does not include any 
transducer but does include a portion of a region of spaced 
deemed, based at least on the transducer data, not acceptable 
for ablation (e.g., a region 525) is not displayed. 
Moving on to a discussion of blocks 806 and 808 in FIG. 

8, which may correspond to block 710 in some embodi 
ments, block 806 of method 800 includes ablation request 
instructions (e.g., instructions provided by a program) con 
figured to cause the data processing device system (e.g., data 
processing device systems 110 or 310) to process an ablation 
request received from the input-output device system, the 
ablation request configured to request ablation by at least 
some of the plurality of transducers of the transducer-based 
device. 

In some embodiments, the ablation request associated 
with block 806 may be considered part of a selection of one 
or more graphical elements according to the instructions of 
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block 710 in FIG. 7A in Some embodiments. Block 808 
represents instructions associated with Such a selection 
according to Some embodiments. As discussed above, the 
selection instructions associated with block 710 may con 
figure the data processing device system to receive a selec 
tion, via the input-output device system (e.g., again exem 
plified by input-output device system 120 or 320) of at least 
Some of the graphical elements (e.g., graphical elements 
501, 601) provided in the graphical representation. In some 
embodiments, the selection instructions associated with 
block 710 cause the data processing device system to 
receive, via the input-output device system, a selection of at 
least some of the graphical elements 501 associated with the 
transducers including activation-ready transducers. Block 
808, in some embodiments, includes selection instructions 
(e.g., instructions provided in a program), which configure 
the data processing device system (e.g., again exemplified 
by data processing device systems 110 or 310) to cause 
selection of various graphical elements. In some embodi 
ments, the caused selection includes receiving, via the 
input-output device system (e.g., again exemplified by 
input-output device systems 120, 320) a selection of the 
graphical elements 501 associated with at least some of the 
transducers, the at least Some of the transducers including 
ablation-ready transducers. In some embodiments, each of 
the graphical elements 501 associated with the at least some 
of the transducers is independently selectable. For example, 
as shown in FIG. 5E, first between graphical element 504a 
positioned between the first and the second transducer 
graphical elements 502a, 502b respectively identified by 
identification labels 513 as “Q:6” and “R:6’ has been 
selected via the input-output device system. In this example 
embodiment, the ablation request instructions of block 806 
include the instructions of block 808. In this example 
embodiment, the ablation request associated with the 
instructions of block 806 is made at least in part by making 
a selection of the at least some of the graphical elements 501 
associated with the instructions of block 808. 

It is noted that in Some embodiments (e.g., embodiments 
where ablation-ready transducers and not-ablation-ready 
transducers are selectable in accordance with blocks 806 or 
808), the method 800 may include determination instruc 
tions (e.g., instructions provided by a program) (not shown, 
but could be shown connected (immediately) downstream of 
block 806 and (immediately) upstream of block 822) con 
figured to cause the data processing device system to deter 
mine whether an ablation-requested transducer set including 
the at least some of the plurality of transducers selected in 
accordance with blocks 806 or 808 includes a not-ablation 
ready transducer. In this case, the method 800 may include 
ablation denial instructions (e.g., instructions provided in a 
program) configured to, if it is determined according to the 
determination instructions that the ablation-requested trans 
ducer set includes the not-ablation-ready transducer, deny 
the ablation request. In some embodiments, the ablation 
denial instructions are configured to deny the ablation 
request at least with respect to the not-ablation-ready trans 
ducer in the ablation-requested transducer set if it is deter 
mined according to the determination instructions that the 
ablation-requested transducer set includes the not-ablation 
ready transducer. In some embodiments, the ablation denial 
instructions can take a form of non-activation instructions 
(e.g., instructions provided by a program) associated with 
block 822 in FIG. 8, which, in some embodiments, are 
configured to cause the data processing device system to 
prevent energy from the energy source device system from 
being delivered to each of the plurality of not-ablation-ready 
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transducers identified according to block 804 or block 708. 
An example of preventing energy from being delivered 
would be for the data processing device system to reject all 
or a portion of an instruction received, for example, from a 
user via the input-output device system, to perform ablation 
involving not-ablation ready transducers. 

Block 812 of method 800 includes instructions (e.g., 
instructions provided in a program) configured to, in 
response to receiving independent selections of graphical 
elements in accordance with block 808, cause the input 
output device system to change a visual characteristic of the 
selected graphical elements 501 during a time interval that 
occurs during the receiving of the independent selections, 
after a completion of the receiving of the independent 
selections, or both during the receiving of the independent 
selections and after a completion of the receiving of the 
independent selections. In some embodiments, the selected 
graphical elements 501 include a selected between graphical 
element 504a as shown in FIG. 5E. Changing the visual 
characteristic of the selected between graphical element 
504a may include changing a color, opacity, hue, intensity, 
shading, pattern, shape or the addition or removal of any 
displayed information Suitable for indicating that the selec 
tion has occurred. In this embodiment, the selected between 
graphical element 504a is modified to include an elongated 
graphical portion 530 having differing visual characteristics. 
In some embodiments, block 812 can include additional 
instructions configured to cause the input-output device 
system to change a visual characteristic of at least one (e.g., 
both in this illustrated embodiment) of the first and the 
second transducer graphical elements 502a, 502b respec 
tively identified by identification labels 513 as “Q:6” and 
“R:6” during the time interval. In this example embodiment 
a thicker border is provided around each of the first and the 
second transducer graphical elements 502a, 502b upon 
receiving the selection. 

In a similar fashion, a visual characteristics of others of 
the graphical elements 501 (e.g., including transducer 
graphical elements 502) may change upon their selection in 
accordance with the instructions of block 808. For example, 
as shown in FIG. 5F additional between graphical elements 
504 (e.g., including second between graphical 504b) have 
been selected in accordance with the instructions of block 
808 with the visual characteristics of the selected additional 
between graphical elements 504 changing in accordance 
with the instructions of block 812. For clarity, only the 
identification labels 513 associated with the transducer 
graphical elements 502 associated with the pair of transduc 
ers associated with each of the selected between graphical 
elements 504 is shown in FIGS. SE and SF. In this illustrated 
embodiment, each of the selected between graphical ele 
ments 504 in FIGS. 5E and 5F were independently selected. 

It should be noted that, although the above discussion 
regarding changing of visual characteristics occurs within 
the context of FIG. 8, block 812, such discussion can also 
apply to any discussions herein regarding changing of visual 
characteristics in some embodiments. 

Block 814 of method 800 includes instructions (e.g., 
instructions provided in a program) configured to cause the 
input-output device system to display a respective electro 
gram 535 (only two called out in each of FIGS. 5E and 5F) 
for each transducer of the pair of transducers associated with 
each of the selected between graphical elements 504 (e.g., 
selected according to the instructions of block 808 or 710). 
In this example embodiment, each electrogram 535 is iden 
tified with an identifier 536 that provides information cor 
responding to the identification label 513 associated with a 
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respective one of the transducer graphical elements 502. In 
this example embodiment, each electrogram 535 is provided 
on the basis of transducer data provided by a transducer of 
the respective pair of transducers associated with a selected 
between graphical element 504. In this example embodi 
ment, a single electrogram 535 would also be displayed if a 
transducer graphical element 502 were to be individually 
selected, the single electrogram 535 being provided on the 
basis of transducer data provided by the respective trans 
ducer associated with the selected single transducer graphi 
cal element 502. In some example embodiments, block 814 
includes instructions configured to cause the input-output 
device system to display a combined electrogram (e.g., a 
bipolar electrogram) from the pair of transducers associated 
with each of the selected between graphical elements 504. It 
is noted that some of the electrograms 535 not shown in the 
graphical representation shown in FIG. 5F may be viewed 
by operation of scroll bar 528 via the input-output device 
system. It is also noted that, although block 814 is shown as 
immediately following an ablation request according to 
block 806, block 814, in some embodiments, is not depen 
dent upon receipt of an ablation request, and may operate 
independently any time a graphical element is selected. 

Block 816 of method 800 includes path-display instruc 
tions (e.g., instructions provided in a program) configured 
to, in response to receiving the independent selections (e.g., 
selected according to the instructions of block 808 or 710) 
of between graphical elements 504, cause the graphical 
representation to include a displayed visual representation of 
a path 537 passing through at least a portion of each of the 
selected between graphical elements 504, during a time 
interval that occurs (a) during the receiving of the indepen 
dent selections, (b) after a completion of the receiving of the 
independent selections, or both (a) and (b). In this embodi 
ment, the displayed visual representation of the path extends 
between at least two of the plurality of rows 510 and 
between at least two of the plurality of columns 512. In this 
embodiment, path 537 surrounds a region 525 (e.g., one of 
the regions 525c). In this example embodiment, path 537 is 
a contiguous path. In this example embodiment, path 537 is 
a closed path. In this embodiment, the path display instruc 
tions of block 816 are further configured to cause the 
displayed visual representation of the path 537 to pass 
through at least some of the transducer graphical elements 
502 associated with the transducers between which the 
regions of space associated with the selected between 
graphical elements 504 respectively reside. In some example 
embodiments (e.g., a visual or graphical representation (e.g., 
600 in FIG. 6) provided by a graphical interface (e.g., FIG. 
6)), the displayed visual representation of the path 537 
includes a path segment that proceeds diagonally between a 
first node located at a first junction of a first one of the 
plurality of columns (e.g., columns 612) and a first one of the 
plurality of rows (e.g., rows 610) and a second node located 
at a second junction of a second one of the plurality of 
columns (e.g., columns 612) and a second one of the 
plurality of rows (e.g., rows 610), the first junction being 
different than the second junction. In this embodiment the 
path-display instructions of block 816 include instructions 
configured to cause the displayed graphical representation to 
change, during the time interval, a visual characteristic of 
the selected between graphical element 504 at least as part 
of forming the displayed visual representation of the path 
537 (e.g., via elongated portion 530 in this embodiment). In 
this example embodiment, the path-display instructions of 
block 816 include instructions configured to cause the 
displayed graphical representation to change, during the 
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time interval, a visual characteristic of at least some of the 
transducer graphical elements 502 associated with the trans 
ducers in the pairs of the transducers between which the 
regions of space associated with the selected between 
graphical elements 504 respectively reside. In some embodi 
ments, the path 537 represents an ablation path or proposed 
or intended ablation path. 

Block 810 of method 800 (which could represent a 
particular subset of implementations of block 712 in FIG. 
7A in some embodiments) includes activation instructions 
(e.g., instructions provided in a program) configured to, in 
response to receiving the ablation request from the input 
output device system, cause, via the input-output device 
system, energy from an energy source device system (e.g., 
energy source device system 340) to be delivered to each of 
the ablation-ready transducers of the at least some of the 
transducers in which ablation was requested by as per block 
806, the activation instructions configured to cause the 
energy delivery to occur during the time interval. In this 
example embodiment, a selection of the control button 538 
(called out in FIG.5G) identified as “Ablate in response to 
a user action via the input-output device system can cause 
execution of the activation instructions. In this example 
embodiment, the activation instructions of block 810 of 
method 800 include instructions (e.g., instructions provided 
in a program) configured to, in response to receiving the 
independent selections of between graphical elements 504 in 
accordance with selection instructions included in block 
808, cause activation, via the input-output device system, of 
each of the pairs of the transducers between which the 
respective regions of space associated with the selected 
between graphical elements 504 respectively reside, the 
activation instructions configured to cause the activation to 
occur during the time interval. In this embodiment, the 
activation instructions include instructions configured to, in 
response to receiving the independent selections of the 
between graphical elements 504 cause energy from the 
energy source device system (e.g., energy source device 
system 340) to deliver energy to each of the pairs of the 
transducers between which the regions of space associated 
with the selected between graphical elements 504 respec 
tively reside, the activation instructions configured to cause 
the energy delivery to occur during the time interval. In this 
example embodiment, the energy is tissue-ablation energy 
and the path 537 is representative of an ablation path. In 
Some embodiments, the activation instructions include 
instructions configured to, in response to receiving the 
independent selections of the between graphical elements 
504 cause monopolar activation of the transducers in each of 
the pairs of the transducers between which the regions of 
space associated with the selected between graphical ele 
ments 504 respectively reside, the activation instructions 
configured to cause the monopolar activation to occur during 
the time interval. In some embodiments, the activation 
instructions include instructions configured to, in response 
to receiving the independent selections of the between 
graphical elements 504 cause bipolar activation between the 
respective transducers in each of the pairs of the transducers 
between which the regions of space associated with the 
selected between graphical elements 504 respectively reside, 
the activation instructions configured to cause the bipolar 
activation to occur during the time interval. In this regard, 
the energy may be delivered in a manner that (a) a portion 
of the energy delivered to a first transducer of each pair of 
the transducers is transmitted by the first transducer, (b) a 
portion of the energy delivered to a second transducer of 
each pair of the transducers is transmitted by the second 
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transducer, or both (a) and (b). In this regard, an indifferent 
electrode may be arranged to receive a portion of the energy 
delivered to at least one of the transducers of each of the 
pairs of the transducers between which the regions of space 
associated with the selected between graphical elements 504 
respectively reside. 

In Some embodiments, selection of various graphical 
elements (e.g., graphical elements 501, 601) is not required 
to provide a visual representation of an ablation path (e.g., 
path 537). For example, FIG. 9 is a block diagram showing 
a method 900 including instructions (e.g., instructions pro 
vided in a program) for displaying a visual representation of 
an ablation path. Reference to the instructions provided by 
at least some of the blocks associated with method 700 is 
made for comparison purposes. Reference to various ones of 
FIG. 5 including transducer graphical elements 502 and 
between graphical elements 504 continues to be made for 
convenience of discussion. In some embodiments, method 
900 may include a subset of the associated blocks or 
additional blocks than those shown in the FIG. 9. In some 
embodiments, method 900 may include a different sequence 
between various ones of the associated blocks than those 
shown in FIG. 9. 

In a manner similar to block 702, block 902 of method 
900 includes instructions (e.g., graphical representation 
instructions or graphical interface instructions included in a 
program) configured to cause an input-output device system 
(e.g., input-output device system 120 or 320) to display a 
graphical representation of at least a portion of a transducer 
based device (e.g., transducer-based devices 200, 300, or 
400). FIG. 5A illustrates a graphical interface provided by 
the input-output device system according to one example 
embodiment provided in accordance with block 902. The 
graphical interface of FIG. 5A includes a graphical repre 
sentation 500 that includes a plurality of transducer graphi 
cal elements 502 and a plurality of between graphical 
elements 504, each characterized as per above. In a manner 
similar to block 704, block 904 of method 900 includes 
instructions (e.g., input instructions included in a program) 
that cause the data processing device system (e.g., data 
processing device systems 110 or 310) to receive transducer 
data from at least Some of the transducers via the input 
output device system. 

In a manner similar to block 706, block 906 of method 
900 includes instructions (e.g., identification instructions 
included in a program) that are configured to identify a 
region of the graphical representation that corresponds to at 
least a portion of one or more anatomical features based at 
least on the transducer data. In this example embodiment, a 
plurality of identified regions 525 is shown in the three 
dimensional graphical representation provided by the 
graphical representation 500 of FIG. 5C and the two 
dimensional graphical representation provided by the 
graphical representation 500 of FIG. 5D, each of the iden 
tified regions corresponding to a particular anatomical fea 
ture as previously discussed (e.g., ports related to various 
pulmonary veins, left lateral appendage and mitral valve). 

Block 908 of method 900 includes selection instructions 
(e.g., instructions provided in a program) configured to 
cause the data processing device system (e.g., data process 
ing device systems 110 or 310) to receive a selection from 
the input-output device system of at least one of the iden 
tified regions 525. Block 910 of method 900 includes 
path-display instructions (e.g., instructions provided in a 
program) configured to, in response to receiving the selec 
tion of the at least one of the identified regions, causes the 
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displayed graphical representation to include a displayed 
visual representation of an ablation path configured for the 
anatomical feature. 

Referring to FIG. 5D, a region 525 (e.g., region 525c) 
corresponding to a pulmonary vein of the left pulmonary 
vein group has been selected via the input-output device 
system. Again, various input-output device system compo 
nents including a touch screen, keyboard or computer mouse 
may be employed to make the selection by way of non 
limiting example. A path 537 defining an ablation path 
around the selected region 525c is automatically generated 
in response to the selection of region 525c in accordance 
with the path display instructions of block 910. 

Unlike the embodiment of FIG. 8, where an ablation path 
is defined by a user, the ablation path associated with the 
embodiment of FIG. 9 is defined by the data-processing 
device system. This can be accomplished in various ways. In 
this example embodiment, transducer data from the trans 
ducer-based device is used to help define each of the 
particular regions 525 as well as additional regions other 
than the regions 525 that can accommodate an ablation path 
configured for the anatomical feature corresponding to a 
selected region. In this example embodiment, the visual 
representation of the ablation path (e.g., represented by path 
537) passes at least proximate to each of at least some the 
transducer graphical elements 502 associated with the trans 
ducers associated with the particular ones of the additional 
regions positioned at least proximate region 525c. In some 
example embodiments, the visual representation of the abla 
tion path passes at least proximate to each of at least some 
of the between graphical elements 504 (e.g., through the 
between graphical elements 504 in this embodiment) asso 
ciated with pairs of the transducers associated with the 
particular ones of the additional regions positioned at least 
proximate region 525c. In some example embodiments, at 
least some of the transducers are deemed anatomical feature 
specific transducers (e.g., transducers associated with a 
particular one of the anatomical features) based at least on 
the transducer data while others of the transducers are 
deemed not-anatomical feature-specific transducers (e.g., 
transducers not associated with a particular one of the 
anatomical features) based at least on the transducer data. In 
various example embodiments, method 900 includes 
instructions (not shown) (e.g., instructions provided in a 
program) configured to cause the data processing device 
system to determine the ablation path based at least on a 
determination of a proximity of various ones of the not 
anatomical feature-specific transducers to various ones of 
the anatomical feature-specific features associated with an 
anatomical feature corresponding to selected region 525. In 
Some of these various example embodiments, the path 
display instructions of block 910 includes instructions con 
figured to, in response to receiving the selection of the at 
least one of the identified regions, cause the displayed 
graphical representation to include the displayed visual 
representation of an ablation path configured for the ana 
tomical feature based at least on (a) an identification of the 
transducer graphical elements 502 associated with the vari 
ous ones of the not-anatomical feature-specific transducers, 
(b) an identification of the between graphical elements 504 
associated with pairs of the various ones of the not-anatomi 
cal feature-specific transducers, or both (a) and (b). 

In this example embodiment, the path-display instructions 
are configured to, in response to receiving the selection of 
the identified region 525c, cause the displayed visual rep 
resentation of the ablation path to surround the identified 
region 525c. In this example embodiment, the path-display 
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instructions are configured to, in response to receiving the 
selection of the identified region 525c, cause the displayed 
visual representation of the ablation path to continuously 
surround the identified region 525c. In some example 
embodiments, the respective ablation paths associated with 
different ones of at least two selected ones of the identified 
regions 525 may have different configurations (e.g., shape, 
continuity). In some example embodiments, the transducer 
data includes data associated with an electrical characteristic 
(e.g., impedance) of tissue within a bodily cavity in which 
the transducer based-device or a portion thereof is receivable 
or positionable. In some example embodiments, the trans 
ducer data includes data associated with a flow characteristic 
of fluid within a bodily cavity in which the transducer-based 
device or a portion thereof is receivable or positionable. 

In this example embodiment, block 912 of method 900 
includes instructions (e.g., instructions provided in a pro 
gram) configured to, in response to receiving the selection of 
the identified region 525, cause the input-output device 
system to vary a visual characteristic of each of at least some 
of the graphical elements 501. In this example embodiment, 
a visual characteristic of each of at least some of the 
transducer graphical elements 502 and each of at least some 
of the between graphical elements 504 is changed. 

In this example embodiment, block 914 of method 900 
includes path-acceptance instructions (e.g., instructions pro 
vided in a program) configured to cause the data processing 
device system to receive an acceptance of the visual repre 
sentation of the ablation path based at least on a user 
response via the input-output device system. 

In this example embodiment, block 916 of method 900 
includes activation instructions (e.g., instructions provided 
in a program) configured to, in response to receiving the 
acceptance, cause, via the input-output device system, 
energy from an energy source device system (e.g., energy 
source device system 340) to be delivered to each of the 
transducers associated with the at least Some of the plurality 
of transducer graphical elements 502, the energy sufficient 
for ablating tissue. Ablation can include monopolar ablation, 
or bipolar ablation or combinations thereof. 

FIG. 10 is an exploded view of the blocks 806 and 810 of 
a version of method 800 according to some example 
embodiments. In some embodiments, the ablation request 
instructions of block 806 include instructions (e.g., reception 
instructions provided in a program) as per block 807 con 
figured to receive a selection from the input-output device 
system of a group of transducer sets, each of the sets of the 
group of the transducer sets including at least one of the 
transducers of the transducer-based device (e.g., transducer 
based devices 200, 300, or 400). In these embodiments, each 
of the transducer sets is selected according to a first 
sequence. In some embodiments, at least part of the selec 
tion according to block 807 occurs by a selection of graphi 
cal elements, such that the instructions of block 808 are 
configured to cause the data processing device system (e.g., 
again exemplified by data processing device systems 110 or 
310) to receive, via the input-output device system (e.g., 
again exemplified by input-output device systems 120,320) 
a selection of at least some of the graphical elements 501 
associated with some or all of the plurality of transducer sets 
discussed above with respect to block 807. In some example 
embodiments, each of the transducer graphical elements 502 
associated with the plurality of transducer sets is selected 
according to the first sequence. For example, as shown in 
FIG. 5F, the transducer graphical elements 502 associated 
with path 537 may be selected in a sequential fashion in the 
following order (e.g., each selected transducer graphical 
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element 502 indicated by the corresponding identification 
labels 513: “R:6”, “Q:6”, “P:6”, “P:7”, “O:7”, “O:8”, “O:9, 
“P:9”, “P:10, “Q:10, “R:10, “R:9”, “S:9”, “S:8”, “S:7, 
and “R:7 to select the plurality of transducer sets according 
to the first sequence. In Such embodiments, each transducer 
set may be considered to have a single transducer. Also, as 
shown in FIG. 5F, the between graphical elements 504 
associated with path 537 may be selected in a sequential 
fashion in the following order (e.g., each selected between 
graphical element 504 herein identified by the corresponding 
pair of identification labels 513 associated with the trans 
ducer graphical elements 502 in which the selected between 
graphical element 504 is positioned between): “R:6-Q:6'. 
“Q:6-P:6”, “P:6-P:7”, “P:7-O:7, “O:7-O:8”, “O:8-O:9, 
“O:9-P:9”, “P:9-P:10”, “P:10-Q:10”, “Q:10-R:10, “R:10 
R:9, “R:9-S:9”, “S:9-S:8”, “S:8-S:7”, “S:7-R:7 and “R:7- 
R:6' to select the plurality of transducer sets according to the 
first sequence. In Such embodiments, each transducer set 
may be considered to have at least two transducers. In this 
embodiment, each of the selected between graphical ele 
ments 504 is associated with a region of space between a 
pair of transducers that include the respective first and 
second transducers which make up a respective set of group 
of transducer sets. It is noted that the first sequence can take 
other forms in other embodiments. For example, the trans 
ducer sets may be selected randomly or pseudo-randomly 
according to the first sequence. In other embodiments, the 
first sequence may not require Successively adjacent trans 
ducers in a distribution of the transducers to be selected as 
described above. 

In various embodiments, each of the transducer sets in the 
first sequence form part of a group of the transducer sets. In 
various embodiments, various transducer sets in a group of 
transducer sets are selected according to a first sequence 
(e.g., the first sequence described above with regard to block 
807) with at least two of the transducer sets in the group 
sequentially selected. In accordance with the discussion 
above, in at least Some of these various embodiments, each 
of at least Some of the selected transducer sets in the group 
includes at least one transducer different than each of the 
other transducer sets in the group. In at least Some of these 
various embodiments, each of at least some of the transducer 
sets in the group includes at least two transducers. In at least 
Some of these various embodiments, each of at least Some of 
the transducer sets in the group includes a respective pair of 
adjacent ones of the transducers in a distribution of the 
transducers. The respective pair of adjacent ones of the 
transducers of each of the at least some of the transducer sets 
in the group may have a same transducer as the respective 
pair of adjacent ones of the transducers of another of the at 
least some of the of the transducer sets in the group. In some 
of these various embodiments, at least a first transducer set 
in the group has a same transducer as a second transducer set 
in the group. In at least some of these various embodiments, 
two or more of the transducers in a given one of the 
transducer sets may be selected concurrently (e.g., a pair of 
transducers selected by a selection of a between graphical 
element 504, 604 as described above). In at least some of 
these various embodiments, two or more of the transducer 
sets in the group may also be selected concurrently in the 
first sequence. In at least Some of these various embodi 
ments, an additional transducer set may be selected concur 
rently with one of the at least two of the transducer sets 
sequentially selected according to the first sequence. Trans 
ducer sets in the group that include different numbers of 
transducers or different transducers may be selected accord 
ing to the first sequence. For example, the first sequence may 
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indicate at least (a) a selection (e.g., by a selection of a 
transducer graphical element 502, 602) of a first transducer 
in a first transducer set in the group followed by a selection 
(e.g., by a selection of a between graphical element 504, 
604) of a pair of second and third transducers in a second 
transducer set in the group, (b) a selection (e.g., by a 
selection of a between graphical element 504, 604) of a pair 
of fourth and fifth transducers in a third transducer set in the 
group followed by a selection (e.g., by a selection of a 
transducer graphical element 502, 602) of a sixth transducer 
in a fourth transducer set in the group, or both (a) and (b). 

In some embodiments, the activation instructions of block 
810 of method 800 includes activation instructions as per 
block 811 (e.g., instructions provided in a program) config 
ured to cause sequential activation, initiated during or after 
completion of a generation of a second sequence of trans 
ducer sets (discussed below), of the transducer sets in the 
second sequence of transducer sets. The activation of the 
transducer sets in the second sequence occurs according to 
the second sequence, and the activation instructions are 
configured to cause activation of at least one transducer in 
each of the sequentially activated sets. In one particular 
embodiment, the activation of instructions of block 811 are 
configured to cause activation of the transducer sets of a 
group of transducer sets according to a second sequence 
different than the first sequence in which the transducer sets 
of the group of transducers sets were selected. 
The second sequence may be determined in various 

manners. For example, in some embodiments, method 800 
may include a block 809 (e.g., shown in FIG. 10, not shown 
in FIG. 8) that includes generation instructions (e.g., instruc 
tions provided in a program) configured to, in response to 
receiving at least part of the first sequence, cause a genera 
tion (e.g., via a data processing device system such as data 
processing device systems 110 or 310) of the second 
sequence of transducer sets based at least on an analysis of 
the transducer sets in a group that the transducer sets in the 
first sequence form part of. In this regard, the generation of 
the second sequence can be initiated in response to receiving 
part of the first sequence, such that generation of the second 
sequence is initiated during the receiving of the first 
sequence. Or, the generation of the second sequence can be 
initiated after receiving the entirety of the first sequence. 
Some examples of the analysis of the transducer sets in the 
group, upon which the generation of the second sequence of 
transducer sets can be based, are described below with 
respect to at least FIGS. 11-16 and any other embodiment in 
which a transducer-activation sequence is generated based at 
least on an analysis of transducer sets or data associated with 
transducer sets identified in a transducer-selection sequence 
and, consequently, the transducer-activation sequence might 
be different than the transducer-selection sequence (although 
the invention is not limited to these examples). In some 
embodiments, the transducer sets in the second sequence 
include all or only the transducers in the group of transduc 
ers sets selected in accordance with the first sequence. 

In various embodiments, ablation request instructions 
(e.g., instructions provided by block 806) include reception 
instructions (e.g., provided in a program) (not shown in the 
Figures) configured to receive a selection of a path (e.g., 
path 537 in FIG. 5F) along which tissue of a bodily cavity 
(e.g., an intra-cardiac cavity) is to be ablated by various 
transducers. The selection may include an indication of a 
first order of transducer sets along the path, each of trans 
ducer sets in the first order including at least one transducer 
(e.g., identified by transducer graphical elements 502: "R:6'. 
“Q:6”, “P:6”, “P:7: “O:7”, “O:8”, “O:9", "P:9", “P:10, 
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“Q:10, “R:10, “R:9, “S:9”, “S:8”, “S:7, and “R:7 in 
FIG. 5F). In at least some of these various embodiments, at 
least some of the transducer sets in the first order include two 
or more transducers (e.g., pairs of transducers associated 
with between graphical elements 504: “R:6-Q:6”, “Q:6-P: 
6”, “P:6-P:7”, “P:7-O:7”, “O:7-O:8”, “O:8-O:9, “O:9-P:9", 
“P:9-P:10”, “P:10-Q:10”, “Q:10-R:10, “R:10-R:9”, “R:9- 
S:9”, “S:9-S:8”, “S:8-S:7, “S:7-R:7 and “R:7-R:6 in FIG. 
5F). In at least some of these various embodiments, at least 
some of the transducer sets in the first order include a 
respective pair of adjacent transducers in a distribution of 
the transducers. Several respective pairs of adjacent trans 
ducers may include a same transducer in the distribution 
(e.g., pairs of transducers associated with between graphical 
elements 504: “S:9-S:8”, “S:8-S:7). In at least some of 
these various embodiments, at least Some of the transducer 
sets in the first order include at least one different transducer 
than each of the other transducer sets in the first order. In at 
least some of these various embodiments, two or more of the 
transducer sets in the first order are sequentially selected. 
Sequential selection of the two or more of the transducer sets 
in the first order may occur in various ways including those 
previously described in this detailed description by way of 
non-limiting example. In at least some of these various 
embodiments, an additional transducer set may be selected 
concurrently with one of the two or more sequentially 
selected transducer sets. In at least Some of these various 
embodiments, two or more of the transducer sets in the first 
order may be concurrently selected. For example, in some 
embodiments associated with method 900, all of the trans 
ducer sets associated with a particular ablation path may be 
concurrently selected by an acceptance of the visual repre 
sentation of the path based at least on a user response via an 
input-output device system in accordance with the instruc 
tions of block 914. 

Generation instructions (not shown in the Figures, but 
similar to the generation instructions associated with block 
809) may be configured to, in response to receiving at least 
part of the selection of the ablation path (e.g., path 537), 
cause generation of a second order of transducer sets dif 
ferent than the first order based at least on an analysis of the 
transducer sets in the first order. In this regard, the genera 
tion of the second order can be initiated in response to 
receiving part of the selection of the ablation path, such that 
it is initiated during the receiving of the selection of the 
ablation path. Or, the generation of the second order can be 
initiated after receiving the entirety of the selection of the 
ablation path. Like the above-discussion with respect to 
block 809, FIGS. 11-16 and other embodiments provide 
Some examples of the analysis of the transducer sets in the 
first order, upon which the generation of the second order of 
transducer sets can be based (although the invention is not 
limited to these examples). The transducer sets in the second 
order may include all the transducers in the first order. In 
Some embodiments, the transducer sets in the second order 
may collectively only include transducers in the first order. 
Activation instructions (not shown in the Figures, but simi 
lar to the activation instructions associated with block 811) 
can be provided, which are configured to cause ablation, 
initiated during or after completion of the generation of the 
second order according to generation instructions, of the 
selected ablation path at least by ablation-activating trans 
ducers in the second order according to the second order 
with at least two of the ablation-activating transducers in the 
second order activated sequentially. In some embodiments, 
the ablation-activating transducers in the second order do 
not include any transducers not present in the second order. 
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In some embodiments, the ablation-activating transducers in 
the second order include all or only the transducers in the 
first order. 

In regard to the analysis that might lead to the above 
discussed generation of the second sequence or second order 
based on an analysis of transducer sets in the respective first 
sequence and first order, situations may arise that make it 
undesirable to activate various transducer sets in a group 
concurrently, and at least two of the transducer sets in the 
group may, therefore, need to be activated sequentially or a 
delay between the activation of at least two of the transducer 
sets in the group may be required. Consequently, if the first 
sequence or first order includes these various transducer sets 
in the group, the second sequence or second order could be 
generated according to some embodiments to indicate an 
activation sequence or order that does not activate Such 
various transducer sets in the group concurrently. 

For example, FIG. 11 is a graph 1000 that compares (a) a 
temperature profile 1010 associated with concurrent activa 
tion of five transducers 1006a, 1006b, 1006C, 1006d and 
1006e (collectively transducers 1006), (b) a temperature 
profile 1020 associated with concurrent activation of two 
pairs of adjacent transducers 1006 (e.g., a pair of transducers 
1006a, 1006b and a pair of transducers 1006d, 1006e), the 
two pairs of adjacent transducers separated by a non 
activated transducer (e.g., transducer 1006c), and (c) acti 
Vation of a single pair of transducers (e.g., a pair of trans 
ducers 1006d, 1006e). Each temperature profile was 
generated using data generated by Multiphysics(R 4.1, Ver 
sion 4.1.0.88 software provided by Comsol Inc. Each of the 
temperature profiles 1010, 1020 and 1030 is associated with 
a four millimeter tissue ablation depth. Various activated 
pairs of adjacent transducers are modeled with bipolar 
activation conditions. Temperature profile 1020 indicates 
that leaving at least one transducer between concurrent 
bipolar activation of the two transducer pairs results in a 
temperature profile having a maximum temperature similar 
to a maximum temperature provided by bipolar activation of 
the single transducer pair associated with temperature profile 
1030. This contrasts with the much higher maximum tem 
perature with the concurrent activation of the five electrodes 
1006. Graph 1000 implies that ablation temperatures are 
higher in the absence of “at least a one-transducer gap' 
between two concurrently bipolar activated pairs of the 
transducers, whereas with the presence of the at least one 
transducer gap, the maximum temperature of each of the two 
concurrently bipolar activated transducer pairs is Substan 
tially similar to the maximum temperature associated with 
the bipolar activation of a single transducer pair. Graph 1000 
implies that “at least a one-transducer gap' separating the 
concurrently bipolar activated transducer pairs allows each 
of the separated transducer pairs to be treated relatively 
independently of one another. This independence may 
advantageously lead to more consistent and uniform ablated 
regions being associated with each of the separated trans 
ducer pairs. This independence may advantageously lead to 
the use of more uniform operating parameters for each of the 
separated transducer pairs. 

It should be noted that the reference to the “at least 
one-transducer gap', above, may be a function of the 
distance between transducers. Accordingly, FIG. 11 can be 
viewed from the standpoint that a sufficient distance 
between transducer sets (e.g., pairs of transducers) may be 
required in order to concurrently activate transducer sets 
within this distance. If this sufficient distance is not met 
between two transducer sets indicated in the first sequence 
or first order discussed above, the second sequence or 
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second order could be generated according to Some embodi 
ments to ensure that these two transducers sets are not 
concurrently activated. 

It should also be noted that the “at least one-transducer 
gap’. above, need not only be applied to the context where 
a first sequence or first order of transducer sets is selected, 
and can apply anytime a transducer-set-activation schedule 
is generated from a pool of transducer sets. 

FIG. 12 is a block diagram showing a method 1100 
including instructions provided by various blocks (e.g., 
instructions provided in a program) for selecting and acti 
Vating transducers in a transducer-based device Such as 
transducer-based device 300 according to an example 
embodiment. In some embodiments, method 1100 may 
include a subset of the associated blocks or additional blocks 
than those shown in FIG. 12. 

Block 1102 includes selection instructions configured to 
cause a reception from an input-output device system (e.g., 
input-output device system 120 or 320) of a selection of at 
least some of a plurality of pairs of adjacent ones of the 
transducers arranged in a distribution by a transducer-based 
device (e.g., transducers 306 shown in FIG. 3B). Reference 
is herein made to the transducers 306 for convenience and it 
is understood that other transducer-based devices employing 
other transducers may be employed in other embodiments 
employing aspects of method 1200. 

In one example embodiment, a first pair of the transducers 
306 and a second pair of the transducers 306 is selected. This 
selection could be according to the above-discussed first 
sequence or first order, in some embodiments. Block 1104 
includes activation instructions configured to cause activa 
tion of the selected at least some of the plurality of adjacent 
ones of the transducers 306 in the distribution, subject to 
delay instructions configured to cause a delay in the activa 
tion of the first pair of adjacent ones of the transducers 306 
in the distribution with respect to a starting of the activation 
of the second pair of adjacent ones of the transducers 306 in 
the distribution in response to a circumstance where a 
respective transducer in each of the first and the second pairs 
of adjacent ones of the transducers 306 forms part of a third 
pair of adjacent ones of the transducers 306 in the distribu 
tion. 

For example, in FIG. 3B, transducer-based device 300 
includes transducers 306d, 306e, 306f 306g and 306h 
located on a same elongate member 304 and arranged along 
a path extending between the proximal and distal ends (307, 
305, not called out in FIG.3B) of the elongate member 304. 
If the first pair of adjacent transducers 306 selected includes 
transducers 306d and 306e and the second pair of adjacent 
transducers 306 includes transducers 306f and 306g, then 
activation of transducers 306d, 306e forming the first pair of 
adjacent transducers 306 could be delayed with respect to a 
starting of the activation of transducers 306f 306g forming 
the second pair of adjacent transducers 306 since, in accor 
dance with the instructions of block 1104, a respective 
transducer in the first pair of adjacent transducers 306 (e.g., 
transducer 306e) and a respective transducer in the second 
pair of transducers 306 (e.g., transducer 3060 forms part of 
a third pair of adjacent ones of transducers 306 in the 
distribution. If the second pair of adjacent transducers 306, 
instead, includes transducers 306g and 306h, then activation 
of transducers 306d, 306e forming the first pair of adjacent 
transducers 306 would not be delayed, according to these 
embodiments, with respect to a starting of the activation of 
transducers 306g, 306h forming the second pair of adjacent 
transducers 306, because no respective transducer in each of 
the first pair of adjacent transducers 306 and the second pair 
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of adjacent transducers 306 forms part of third pair of 
adjacent ones of transducers 306 in the distribution. 

In various embodiments, activation in accordance with 
method 1100 can ensure the above-discussed “at least one 
transducer gap' and, therefore, may allow each of the 
selected transducer pairs to be treated independently of one 
another in ablation activation embodiments and may lead to 
more consistent and uniform ablated regions or the use of 
more uniform operating parameters as discussed above. In 
addition, in Some embodiments, an activation sequence or 
order, which may be the above-discussed second sequence 
or second order, respectively, may be generated based on an 
analysis of transducer sets in an initial transducer-selection 
sequence or order, which may be the above-discussed first 
sequence or first order, respectively, according to the delay 
instructions associated with block 1104. For example, in 
Some embodiments, a user might initially select a sequence 
of the following four transducers sets, each set including a 
single transducer: 306d, 306e, 306f, and 306g (e.g., FIG. 
3B), where transducers 306d and 306e may, in some 
embodiments, be considered a selected pair pursuant to 
block 1102 in FIG. 12, and transducers 306f and 306g may 
be considered another selected pair pursuant to block 1102. 
In this example, a generated activation sequence might 
indicate a transducer set of transducers 306f 306g, followed 
by a transducer set of transducers 306d-306e, where both of 
transducers 306f and 306g are to be activated concurrently, 
and both of transducers 306d-306e are to be activated 
concurrently in a delayed manner with respect to the con 
current activation of transducers 306f and 306g, pursuant to 
block 1104. 

In some embodiments, each of the transducers 306 in the 
first pair of adjacent ones of the transducers 306 according 
to block 1104 is different than each of the transducers 306 in 
the second pair of adjacent ones of the transducers 306 
according to block 1104. In some embodiments, each of the 
first and the second pairs of adjacent ones of the transducers 
306 share a same transducer 306. For example, the first pair 
might include transducers 602b and 602c in FIG. 6, while 
the second pair might include transducers 602b and 602a, 
and the third pair might include transducers 602c and 602a. 

It is noted that in various embodiments, method 1100 may 
be employed not only with pairs of adjacent ones of the 
transducers located on a same elongate member 304 but may 
be employed with transducer pairs located on different 
elongate members 304. For example, if the selected first pair 
of adjacent transducers 306 includes transducers 306d and 
306i, and the selected second pair of adjacent transducers 
306 includes transducers 306i and 306k, then activation of 
transducers 306d, 306i forming the first pair of adjacent 
transducers 306 may be delayed with respect to a starting of 
the activation of transducers 306i, 306k forming the second 
pair of adjacent transducers 306 since, in accordance with 
the instructions of block 1104, a respective transducer in the 
first pair of adjacent transducers 306 (e.g., transducer 306i) 
and a respective transducer in the second pair of adjacent 
transducers 306 (e.g., transducer 306j) forms part of a third 
pair of adjacent ones of transducers 306 in the distribution. 
In some embodiments, diagonally arranged pairs of adjacent 
ones of the transducers 306 are also considered in method 
1100. In some embodiments, the transducers 306 of the 
selected first pair of adjacent ones of the transducers 306 in 
the distribution are located on a first elongate member 304 
and the transducers 306 of the selected second pair of 
adjacent ones of the transducers 306 in the distribution are 
located on a second elongate member 304, the second 
elongate member 304 different than the first elongate mem 
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ber 304. In some embodiments, a region of space associated 
with a physical part of the transducer-based device 300 is 
between the transducers 306 of (a) the selected first pair of 
adjacent ones of the transducers 306 in the distribution, (b) 
the selected second pair of adjacent ones of the transducers 
306 in the distribution, or (c) each of (a) and (b), and a region 
of space not associated with any physical part of the trans 
ducer-based device 300 is between the transducers 306 of 
the third pair of adjacent ones of the transducers 306 in the 
distribution. 

In some embodiments, the delay instructions of block 
1104 include instructions configured to cause a delay of the 
activation of the first pair of adjacent ones of the transducers 
306 in the distribution until after completion of the activa 
tion of the second pair of adjacent ones of the transducers 
306 in the distribution. In some embodiments the third pair 
of transducers 306 may form part of the selected pairs of 
adjacent transducers 306. For example, each of the first, the 
second, and the third pairs of adjacent ones of the transduc 
ers 306 may be selected by a selection of a respective 
between graphical element (e.g., between graphical element 
504, 604) associated with each pair. In some embodiments, 
method 1100 may include instructions (not shown) config 
ured to cause a delay of the activation of a selected third pair 
of adjacent ones of the transducers 306 in the distribution 
with respect to a starting of the activation of each of the 
selected first pair and the selected second pair of adjacent 
ones of the transducers 306 in the distribution in response to 
the circumstance where a respective transducer 306 in each 
of the selected first and the second pairs of adjacent ones of 
transducers 306 in the distribution forms part of the selected 
third pair of adjacent ones of the transducers 306 in the 
distribution. In various embodiments, method 1100 includes 
instructions (not shown) configured to cause the starting of 
the activation of the selected third pair of adjacent ones of 
the transducers 306 in the distribution after completion of 
the activation of each of the selected first and the selected 
second pair of adjacent ones of the transducers 306 in the 
distribution. 

In some embodiments, the delay instructions of block 
1104 are configured to cause a delay of the starting of the 
activation of the first pair of adjacent ones of the transducers 
306 in the distribution until after expiry of a time interval, 
the time interval commencing after completion of the acti 
Vation of the second pair of adjacent ones of the transducers 
306 in the distribution. The use of a time interval may be 
motivated for different reasons. For example, the time 
interval may provide a cool down time period to further 
promote more uniform ablation region characteristics. In 
Some embodiments, the third pair of adjacent ones of the 
transducers 306 in the distribution is not selected in accor 
dance with the instructions of block 1102. In some embodi 
ments, a predetermined delay is employed by the delay 
instructions of block 1104. 

In various embodiments, the activation instructions of 
block 1104 cause energy from an energy source device 
system (e.g. energy source device system 340) to be deliv 
ered to each of at least some of the selected pairs of adjacent 
ones of the transducers in the distribution. In some of these 
various embodiments, the delivered energy is sufficient for 
tissue ablation. In some of these various embodiments, the 
input-output device system includes a sensing device system 
(e.g., sensing device system 325) configured to detect at 
least one tissue characteristic (e.g., tissue impedance) at 
respective locations at least proximate each of the selected 
pairs of adjacent ones of the transducers 306 in the distri 
bution with the energy delivered to each of at least some of 
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the selected pairs of adjacent ones of transducers 306 in the 
distribution (e.g., in some embodiments, tissue impedance 
may be measured between transducers on the structure 308 
or between a transducer on the structure 308 and the 
indifferent electrode 326). The activation instructions of 
block 1104 may include instructions (not shown) configured 
to cause bipolar activation of at least the selected first pair 
of adjacent ones of the transducers 306 in the distribution 
and the selected second pair of adjacent ones of the trans 
ducers 306 in the distribution. The activation instructions of 
block 1104 may include instructions (not shown) configured 
to cause monopolar activation of at least the selected first 
pair of adjacent ones of the transducers 306 in the distribu 
tion and the selected second pair of adjacent ones of the 
transducers 306 in the distribution. 

In various embodiments, the activation instructions of 
block 1104 include instructions (not shown) configured to 
cause activation of at least the selected first pair of adjacent 
ones of the transducers 306 in the distribution for a first time 
interval and cause activation of at least the second pair of 
adjacent ones of the transducers 306 in the distribution for 
a second time interval, a duration of the second time interval 
being different than a duration of the first time interval. In 
some of these various embodiments, the first time interval, 
the second time interval, or each of the first and the second 
time interval is a predetermined time interval. Example 
reasons for having these different activation time intervals 
are discussed below with respect to FIG. 14. Also, each of 
the transducers 306 in the distribution can be spaced apart 
from each of the other transducers 306 in the distribution, 
according to Some embodiments. 

FIG. 13 is a block diagram showing a method 1200 
including instructions provided by various blocks (e.g., 
instructions provided in a program) for selecting and acti 
Vating transducers in a transducer-based device Such as 
transducer-based device 300 according to some embodi 
ments. Block 1202 includes selection instructions config 
ured to cause a reception from an input-output device system 
(e.g., input-output device system 120 or 320) of at least 
Some of a plurality of transducers arranged in a distribution 
by a transducer-based device (e.g., transducers 306 shown in 
FIG. 3B), the selected transducers including pairs of adja 
cent transducers including at least a first pair of adjacent 
ones of transducers arranged in the distribution and a second 
pair of adjacent ones of the transducers arranged in the 
distribution. This selection could be according to the above 
discussed first sequence or first order, in some embodiments. 
In some embodiments, method 1200 may include a subset of 
the associated blocks or additional blocks than those shown 
in FIG. 13. Reference is herein made to the transducers 306 
for convenience and it is understood that other transducer 
based devices having other transducers may be associated 
with other embodiments employing aspects of method 1200. 
Block 1206 includes activation instructions configured to 
cause activation of the selected pairs of adjacent transducers 
306 in the distribution. In various embodiments, the instruc 
tions of block 1206 can include one or both of the two sets 
of instructions respectively associated with blocks 1206A 
and 1206B, each of which can be employed in response to 
a particular circumstance. 

Block 1206A includes instructions configured to cause the 
activation of the first pair of adjacent ones of the transducers 
306 in the distribution to start after completion of the 
activation of the second pair of the adjacent ones of the 
transducers 306 in the distribution in response to a circum 
stance where the first pair and the second pair of adjacent 
ones of the transducers 306 in the distribution share a same 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

106 
transducer 306. Block 1206B includes instructions config 
ured to cause at least part of the activation of the first pair 
of adjacent ones of the transducers 306 in the distribution to 
occur concurrently with at least part of the activation of the 
second pair of adjacent ones of the transducers 306 in the 
distribution in response to a circumstance where the first and 
the second pair of adjacent ones of the transducers 306 in the 
distribution do not share a same transducer 306. For 
example, if the selected first pair of adjacent transducers 306 
includes transducers 306d and 306e and the selected second 
pair of adjacent transducers 306 includes transducers 306e 
and 306f each of the selected first and the second pairs of 
adjacent transducers shares a same transducer 306e and the 
activation of the first pair of adjacent transducers 306 may 
occur after the completion of the activation of the second 
pair of adjacent transducers 306 in accordance with the 
instructions of block 1206A. If the selected first pair of 
adjacent transducers 306 includes transducers 306d and 
306e and the selected second pair of adjacent transducers 
306 includes transducers 306g and 306h, each of the first and 
the second pairs of adjacent transducers does not share a 
same transducer 306 and at least part of the activation of the 
first pair of adjacent transducers 306 may occur concurrently 
with at least part of the activation of the second pair of 
adjacent transducers 306 in accordance with the instructions 
of block 1206B. Ablation activation embodiments carried 
out in accordance with the instructions of method 1200 may 
allow for more uniform ablation characteristics. 

In some embodiments, an activation sequence or order, 
which may be the above-discussed second sequence or 
second order, respectively, may be generated based on an 
analysis of transducer sets in an initial transducer-selection 
sequence or order, which may be the above-discussed first 
sequence or first order, respectively, can occur according to 
the instructions of block 1206A, block 1206B, or both 
blocks 1206A and 1206B. 

In some embodiments, aspects of method 1200 may be 
combined with aspects of method 1100. For example, the 
activation instructions of block 1206 may further include 
instructions (not shown) configured to cause the activation 
of the selected first pair of adjacent transducers 306 to start 
after a completion of the activation of the selected second 
pair of adjacent transducers 306 in response to a circum 
stance where a respective transducer 306 in each of the 
selected first and the second pairs of adjacent transducers 
306 forms part of another pair of adjacent ones of the 
transducers 306 in the distribution. 

In some embodiments, the activation instructions of block 
1206 include instructions (not shown) configured to cause 
activation of at least the selected first pair of the adjacent 
transducers 306 for a first time interval and cause activation 
of at least the selected second pair of adjacent transducers 
for a second time interval, a duration of the second time 
interval being different than a duration of the first time 
interval. Activation of selected pairs of adjacent transducers 
306 may include an activation resulting in tissue ablation, an 
activation resulting in the determination of a tissue charac 
teristic (e.g., tissue impedance), or other forms of activation. 
Activation of the selected pairs of adjacent transducers 306 
may include bipolar activation or monopolar activation or 
combinations thereof. Selection of the pairs of adjacent 
transducers 306 may be accomplished by the selection of 
various graphical elements as previously described in this 
detailed description. 
As discussed above, in Some embodiments, generation of 

the above-discussed second sequence or second order in 
accordance with the generation instructions of block 809 
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may be based at least in part on various aspects of FIGS. 
11-16 and any other embodiment in which a transducer 
activation sequence is generated that might be different than 
a transducer-selection sequence (although the invention is 
not limited to these examples). 

In some embodiments, generation of a second sequence of 
transducer sets or a second order of transducer sets in 
accordance with the generation instructions of block 809 
may be based at least on the analysis that reduces an overall 
activation time of various transducer sets in a selected group. 
An analysis of the transducers sets in a selected group to 
determine the second sequence may take various factors into 
account especially when a reduction in, or the optimization 
of the overall activation time of various ones or all of the 
transducer sets in the group is desired. For example, in some 
embodiments that employ relatively large numbers of trans 
ducers (e.g., a hundred or more transducers), economic 
constraints may prevent having a one-to-one correspon 
dence between a respective one of a plurality of energy 
Source devices (e.g., power Source drivers) and a respective 
one of the plurality of transducers. Generation of a second 
sequence or second order in accordance with the generation 
instructions of block 809 may be based at least on an 
analysis of a connection arrangement between each of at 
least Some of the transducer sets in the group and the 
plurality of energy source devices. For example, generation 
of a second sequence or second order in accordance with the 
generation instructions of block 809 may be based at least on 
an analysis of availability of a particular one of the plurality 
of energy sources during a desired activation of an associ 
ated one of the transducer sets. 

Other factors may include differing activation time inter 
vals. Different activation time intervals may be associated 
with different transducer sets for various reasons. As 
described above, in some embodiments, activation of a first 
transducer set may occur after a completion of the activation 
of a second transducer set. In some embodiments, an 
employed memory device system (e.g., memory device 
systems 130, 330) may store information associated with a 
respective activation time interval for each of at least two of 
the selected transducer sets, the respective activation time 
intervals having different durations. The analysis may 
include an analysis of each of the respective activation time 
intervals or other factors associated with these time inter 
vals. 

FIG. 14 is a block diagram showing a method 1300 
including instructions provided by various blocks (e.g., 
instructions provided in a program) for selecting and acti 
Vating transducers in a transducer-based device according to 
some embodiments. In some embodiments, method 1300 
may include a Subset of the associated blocks or additional 
blocks than those shown in FIG. 14. In some embodiments, 
method 1300 may include a different sequence between 
various ones of the associated blocks than those shown in 
FIG 14. 

Block 1302 includes reception instructions configured to 
cause a reception from an input-output device system (e.g., 
input-output device system 120 or 320) of a selection of a 
group of pairs of adjacent transducers arranged in a distri 
bution by a transducer-based device (e.g., transducer-based 
device 300 shown in FIG. 3B). This selection could be 
according to the above-discussed first sequence or first 
order, in some embodiments. Reference is herein made to 
the transducers 306 for convenience for describing various 
embodiments and it is understood that other transducer 
based devices having other transducers may be associated 
with other embodiments employing aspects of method 1300. 
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In various embodiments, the selected group of pairs of 
adjacent ones of the transducers 306 includes at least a first 
pair of adjacent ones of the transducers 306 in the distribu 
tion and a second pair of adjacent ones of the transducers 
306 in the distribution. 

In this example embodiment, block 1306 includes acti 
Vation instructions, which in this example embodiment, are 
configured to cause energy from an energy source device 
system (e.g., energy source device system 340) to be deliv 
ered to the transducers 306 of various ones of the selected 
pairs of adjacent transducers 306 in the distribution. In this 
embodiment, the instructions of block 1306 include instruc 
tions associated with blocks 1306A and 1306B. Block 
1306A includes first delivery instructions configured to 
cause a first delivery of energy to be provided by the energy 
source device system to each of the transducers 306 of the 
first pair of the adjacent ones of the transducers 306 in the 
distribution, the first delivery of energy configured to occur 
over a first interval (a) during the reception of the selection 
of the group of pairs of adjacent transducers 306, (b) after a 
completion of the reception of the selection of the group of 
pairs of adjacent transducers 306, or both (a) and (b) to form 
at least a first lesion in a first region of a tissue wall. Block 
1306B includes second delivery instructions configured to 
cause a second delivery of energy to be provided by the 
energy source device system to each of the transducers 306 
of the second pair of the adjacent ones of the transducers 306 
in the distribution, the second delivery of energy configured 
to occur over a second interval (c) during the reception of the 
selection of the group of pairs of adjacent transducers 306, 
(d) after a completion of the reception of the selection of the 
group of pairs of adjacent transducers 306, or both (c) and 
(d) to form at least a second lesion in a second region of a 
tissue wall, a duration of the second time interval being 
different than a duration of the first time interval. In some 
embodiments, the first lesion extends continuously across 
the first region between the transducers 306 of the first pair 
of adjacent transducers 306. In some embodiments, the 
second lesion extends continuously across the second region 
between the transducers 306 of the second pair of adjacent 
transducers 306. In some embodiments, each of the first 
lesion, the second lesion, or both the first and the second 
lesions act as an electrophysiological activity conduction 
block that blocks electrophysiological activity in a respec 
tive one of the first region and the second region of the tissue 
wall. 
The duration of activation time intervals (e.g., the first and 

the second time intervals in this example embodiment) may 
vary based on various factors, such as those described below 
with respect to blocks 1304A-1304G. In some embodi 
ments, block 1304 includes instructions configured to cause 
a determination of various ones of the activation time 
intervals. In some embodiments, block 1304 includes first 
determination instructions configured to cause a determina 
tion of a duration of a first time interval for a first pair of 
transducers (selected, e.g., according to block 1302) and 
second determination instructions configured to cause a 
determination of a duration of a second time interval for a 
second pair of transducers (selected, e.g., according to block 
1302). It should be noted, however, that the determinations 
described herein with respect to block 1304 need not apply 
only to the activation intervals for transducer pairs, and 
equally pertain to the determination of activation intervals 
for single transducers. Blocks 1304A-1304G provide 
examples of factors that can be used individually or in 
combination to determine one or more activation time 
intervals. 
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In some embodiments, the duration of the first time 
interval is determined in accordance with the instructions of 
block 1304A based at least on the respective corresponding 
size of the energy transmission surface 319 of each of at least 
one of the electrodes 315 of the first pair of adjacent 
transducers 306, and additionally or alternatively, the dura 
tion of the second time interval is determined based at least 
on the respective corresponding size of the energy transmis 
Sion Surface 319 of at least one of the electrodes 315 of the 
second pair of adjacent transducers 306. In some embodi 
ments, a duration of the second time interval may be 
different than the duration of the first time interval at least 
because of a difference in a magnitude between a determined 
corresponding size of at least one of the respective elec 
trodes 315 of the first pair of adjacent transducers 306 and 
a determined corresponding size of at least one of the 
respective electrodes 315 of the second pair of adjacent 
transducers 306. 

For example, with respect to FIG. 3B, when energy is 
delivered to each of a pair of transducers during an activa 
tion resulting in ablation (e.g., bipolar ablation), tissue 
ablation depths may be dependent on the size of the elec 
trodes 315 associated with the pair of the transducers 306, 
with transducer pairs having relatively larger electrodes 315 
reaching a desired ablation depth in a shorter duration than 
transducer pairs having relatively smaller electrodes 315. 

In this example embodiment, three transducers 306 
including a first transducer 306m, a second transducer 306l. 
and a third transducer 306.n are shown. In this example 
embodiment, the selected first pair of adjacent transducers 
306 includes transducers 306l and 306m and the selected 
second pair of transducers 306 includes transducers 306m 
and 306m. It is understood that selected first and second pairs 
of adjacent transducers 306 need not share a same transducer 
306 and, in some embodiments, each of the transducers in 
the selected first pair of adjacent transducers 306 is different 
from each of the transducers in the selected second pair of 
adjacent transducers 306. In this example embodiment, each 
of the first, the second, and the third transducers 306m, 306l 
and 306n includes a respective electrode (i.e., a respective 
one of first electrode 315m, second electrode 315l. and third 
electrode 315n) having a respective energy transmission 
surface 319 (i.e., a respective one of first energy transmis 
sion surface 319 m, second energy transmission surface 3191 
and third energy transmission surface 319m). In this example 
embodiment, each of the energy transmission surfaces 319 
has a corresponding size and a corresponding shape. In this 
particular embodiment, a magnitude of a Surface area size of 
an exposed conductive portion of the first energy transmis 
sion surface 319m associated with first electrode 306m is 
less than a magnitude of a surface area size of an exposed 
conductive portion of the second energy transmission Sur 
face 3191 associated with the second transducer 306l. In this 
particular embodiment, the magnitude of the Surface area 
size of the exposed conductive portion of the first energy 
transmission Surface 319m is greater than a magnitude of a 
Surface area size of an exposed conductive portion of the 
third energy transmission surface 319n associated with the 
third transducer 306m. Magnitude differences between the 
corresponding sizes of various transducers 306 employed in 
various embodiments may be motivated by various factors. 
In this example embodiment, electrodes 315 having smaller 
sizes are employed in regions where the elongate members 
304 are spaced closer with respect to one another or overlap 
one another. 
As discussed above, the energy transmission surface 3191 
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has a greater Surface area than the energy transmission 
surface 319n of electrode 315n of the second pair of adjacent 
transducers 306, and, therefore, the duration of the second 
time interval is greater than the duration of the first time 
interval. In this example embodiment, each of the first and 
the second pairs of adjacent electrodes 315 has an electrode 
(e.g., electrode 315m) having a same corresponding size. 

In some embodiments, a determination of a particular 
duration of the first and the second time intervals is based on 
various relationships between the respective transducers 306 
of an associated one of the selected first and the second pairs 
of adjacent transducers 306. For example, as shown by block 
1304B in FIG. 14, other factors associated with duration 
differences between the first and the second time intervals 
may include various spatial relationships between the trans 
ducers of the first and the second pairs of adjacent trans 
ducers 306. For instance, in FIG. 3B, transducers 3060 and 
306n can form a selected first pair of adjacent ones of the 
transducers that are spaced with respect to one another by a 
first transducer-to-transducer distance (not called out) while 
transducers 306p and 306l can form a selected second pair 
of adjacent transducers that are spaced with respect to one 
another by a second transducer-to-transducer distance (not 
called out) that is different than the first transducer-to 
transducer distance. In some embodiments, differences 
between the respective transducer-to-transducer distances 
may result from inherent design features. In some embodi 
ments, differences between the respective transducer-to 
transducer distances may occur as transducers are positioned 
to conform to a bodily cavity of a particular size. In some 
embodiments, the duration of the first time interval is 
determined in accordance with the instructions of block 
1304B based at least on the first transducer-to-transducer 
distance and the duration of the second time interval is 
determined based at least on the second transducer-to 
transducer distance. In some embodiments, a duration of the 
second time interval may be different than the duration of the 
first time interval at least because the second transducer-to 
transducer distance is longer than the first transducer-to 
transducer distance. For example, longer ablation times may 
be required for increased spacings between a respective pair 
of adjacent transducers. In this example embodiment, the 
second transducer-to-transducer distance is greater than the 
first transducer-to-transducer distance and the duration of 
the second time interval is greater than the first time interval. 

With respect to block 1304G in FIG. 14, other factors 
associated with duration differences between the first and the 
second time intervals may include whether or not physical 
structure exists between the selected first pair of adjacent 
transducers and between the selected second pair of adjacent 
transducers. In this regard, in Some example embodiments, 
a first region of space (e.g., region of space 360) that is 
associated with a physical part of structure 308 (e.g., FIG. 
3B) is located between the respective transducers 306b, 
306c of a selected first pair of adjacent ones of the trans 
ducers 306 while a second region of space (e.g., region of 
space 350) that is not associated with any physical part of the 
structure 308 is located between the respective transducers 
306b, 306a of a selected second pair of adjacent ones of the 
transducer 306. In various ones of these example embodi 
ments, each of the first and the second regions of space do 
not include any transducer. In some embodiments, a duration 
of the first time interval is determined in accordance with the 
instructions of block 1304G based at least on a result that the 
first region of space being associated with a physical part of 
structure 308 and a duration of the second time interval is 
determined in accordance with the instructions of block 
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1304G based at least as a result of the second region of space 
being not associated with any physical part of structure 308. 
In some embodiments, a duration of the second time interval 
may be different than the duration of the first time interval 
at least because the first region of space is associated with a 
physical part of structure 308 and the second region of space 
is not associated with any physical part of structure 308. For 
example, tissue ablated adjacent the first region of space 
(e.g., region of space 360) may be relatively shielded from 
cooling effects associated with fluid flow (e.g., blood flow) 
within the bodily cavity by a physical part of structure 308 
while tissue adjacent the second region of space (e.g., region 
of space 350) is relatively exposed to the cooling effects of 
the fluid flow due to the absence of a physical part of 
structure 308 thereby possibly requiring longer activation 
durations. In one example embodiment, the first region of 
space associated with a physical part of the structure 308 is 
between the transducers 306b, 306c and the second region of 
space that is not associated with any physical part of 
structure 308 is between the transducers 306b, 306a of the 
second pair of adjacent transducers and the duration of the 
second time interval is greater than the duration of the first 
time interval. 

In some example embodiments, the first time interval (for 
activating the first pair of transducers, e.g., selected accord 
ing to block 1302), the second time interval (for activating 
the second pair of transducers, e.g., selected according to 
block 1302) or both the first and the second time intervals 
may be determined at least in part from transducer data. For 
example, in various embodiments, block 1303 may include 
data request instructions configured to cause a reception of 
transducer data via the input-output device system, the 
transducer data indicating data acquired by at least Some of 
the plurality of transducers 306. In some of these various 
embodiments, duration instructions provided by block 
1304C are configured to cause a determination of the first 
time interval, the second time interval, or both the first and 
the second time intervals based at least on an analysis of the 
transducer data. In some of these embodiments the first 
delivery instructions of block 1306A are configured to cause 
the first delivery of energy to be provided by the energy 
source device system to each of the transducers 306 of the 
first pair of adjacent transducers 306 during or after comple 
tion of the reception of the transducer data. In some of these 
embodiments, the second delivery instructions of block 
1306B are configured to cause the second delivery of energy 
to be provided by the energy source device system to each 
of the transducers 306 of the second pair of adjacent 
transducers 306 during or after the completion of the recep 
tion of the transducer data. 

Various analyses of the transducer data may be performed. 
In some embodiments, positional determination instructions 
associated with block 1304D may be configured to cause, 
based at least on an analysis of the transducer data, a 
determination of a spatial relationship between the trans 
ducers 306 providing the transducer data and a bodily cavity 
in which the transducers 306 are positioned. In this regard, 
the first time interval, the second time interval, or both the 
first and the second time intervals can be determined based 
at least on the determined spatial relationship at block 
1304D. 

In some embodiments, proximity determination instruc 
tions associated with block 1304E may be configured to 
cause, based at least on an analysis of the transducer data, a 
determination of a proximity of each of the transducer data 
providing-transducers 306 to an anatomical feature in a 
bodily cavity in which the transducers 306 are positioned. In 
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this regard, the first time interval, the second time interval, 
or both the first and the second time intervals can be 
determined according to block 1304E based at least on the 
determined proximity of each of the transducer data provid 
ing-transducers to the anatomical feature. 

In some embodiments, tissue determination instructions 
associated with block 1304F are configured to cause, based 
at least on an analysis of the transducer data, a determination 
of a tissue characteristic (e.g., tissue thickness, tissue type). 
In this regard, the first time interval, the second time 
interval, or both the first and the second time intervals can 
be determined according to block 1304F based at least on the 
determined tissue characteristic. 

For example, in regard to blocks 1304D, 1034E, and 
1304F, the transducer data might include impedance or other 
information that indicates that a first pair of transducers is in 
contact with thinner tissue than is a second pair of trans 
ducers. Thicker tissue, in Some embodiments, requires a 
longer ablation duration than thinner tissue and, therefore, 
the first pair of transducers might be activated, e.g., by 
delivery of ablative energy, according to the instructions of 
block 1306 for a first interval longer than a second interval 
by which the second pair of transducers is activated (assum 
ing the transducers of the first and second pairs have roughly 
equivalent sizes and energy delivery capabilities). 

In some embodiments, the determination instructions 
associated with block 1304 (or any sub-block therein) are 
configured to determine the duration of the first time inter 
val, the second time interval or both the first and the second 
time intervals based at least in part from a selection of data 
stored in a memory device system (e.g., memory device 
system 130,330). In some example embodiments, predeter 
mined values (e.g., default values) associated with the first 
time interval, the second time interval, or both the first and 
the second time intervals are provided by data stored in the 
memory device system. In this regard, the time intervals can 
be pre-calculated (instead of being calculated in real-time) in 
Some embodiments and stored in the memory device system, 
Such that the determination at, for example, any of blocks 
1304A-G, could merely be a retrieval of the appropriate time 
intervals from the memory device system. 

In some embodiments, generation of a second sequence or 
second order in accordance with the generation instruction 
of block 809 may be based at least in part on various aspects 
of the determinations described with respect to block 1304, 
which can generate activation time intervals and then cause 
transducer activation according to the generated time inter 
vals according to the above-discussed second sequence or 
second order in a time-efficient manner. 

In various embodiments, a particular transducer may form 
part of each of at least two sets of transducers arranged in a 
distribution by a transducer-based device, each of the at least 
two sets of transducers independently selectable, (e.g., by a 
graphical interface described herein). In various embodi 
ments, an activation of a particular transducer may vary 
based at least on which of the at least two selectable sets of 
transducers the particular transducer forms part of. 

For example, FIG. 15A includes a block diagram showing 
a method 1400 including instructions provided by various 
blocks (e.g., instructions provided in a program) for select 
ing and activating transducers in a transducer-based device 
according to some embodiments. In some embodiments, 
method 1400 may include a subset of the associated blocks 
or additional blocks than those shown in FIG. 15A. Block 
1402 includes reception instructions configured to cause a 
reception from an input-output device system (e.g., input 
output device system 120 or 320) of a selection of at least 
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two of a plurality of transducers arranged in a distribution by 
a transducer-based device (e.g., transducer-based device 300 
shown in FIG. 3B). This selection could be according to the 
first sequence or first order described above with respect to 
FIG. 10, in some embodiments. In this example embodi 
ment, the selected at least two of the plurality of transducers 
include at least a first transducer and one of a second 
transducer and a third transducer in the distribution. Each of 
the first, the second, and the third transducers are different 
transducers in the distribution. In various embodiments, 
each of the first transducer and the second transducer form 
a first pair of adjacent ones of the transducers in the 
distribution and each of the first transducer and the third 
transducer form part of a second pair of adjacent ones of the 
transducers in the distribution. Reference is herein made to 
the transducers 306 for convenience of describing various 
embodiments but it is understood that other transducer 
based devices having other transducers may be associated 
with other embodiments employing aspects of method 1400. 
In some embodiments, independent selections of each of at 
least some of a plurality of graphical elements provided by 
a display are employed to select at least the first transducer 
306, the second transducer 306 or the third transducer 306. 
In some embodiments, a selection of a single graphical 
element (e.g., between graphical element 504, 604) provided 
by a display is employed to select either a first transducer set 
that includes at least the first transducer 306 and the second 
transducer 306, or a second transducer set that includes at 
least the first transducer 306 and the third transducer 306. In 
Some embodiments, the selection is a first selection in which 
the first and the second transducers 306, but not the third 
transducer 306, are selected. The reception instructions of 
block 1402 may be further configured to cause a reception 
of a second selection from the input-output device system 
after receiving the first selection and after initiation of an 
activation of at least the first transducer, with the second 
selection being a selection of at least the third transducer 306 
in the distribution. In some embodiments, each of the first 
and the second transducers 306 are located on a first elongate 
member 304 of the transducer-based device 300 and the 
third transducer 306 is located on a second elongate member 
304, the second elongate member 304 different from the first 
elongate member 304. 

Block 1406 includes activation instructions configured to 
cause activation via the input-output device system of each 
of the selected at least two of the plurality of transducers 
306. In some example embodiments, block 1406 includes 
blocks 1407A and 1407B. Block 1407A includes instruc 
tions configured to cause the activation of at least the first 
transducer 306 to occur for a first time interval when the 
selected at least two of the plurality of transducers 306 
includes the second transducer 306 in the distribution. Block 
1407B includes instructions configured to cause the activa 
tion of at least the first transducer 306 to occur for a second 
time interval when the selected at least two of the plurality 
of transducers 306 includes the third transducer 306 in the 
distribution. In this embodiment, a duration of the second 
time interval is different than a duration of the first time 
interval. Activation of the selected at least two of the 
plurality of transducers 306 may include an activation 
resulting in tissue ablation, an activation resulting in the 
determination of a tissue characteristic (e.g., tissue imped 
ance), or other forms of activation. Activation of the selected 
at least two of the plurality of transducers 306 may include 
bipolar activation or monopolar activation or combinations 
thereof. 
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As previously described in this detailed description, vari 

ous factors may have a bearing on the use of different 
activation time intervals. In some embodiments, each of the 
first, the second, and the third transducers 306 includes a 
respective electrode 315 having an energy transmission 
surface 319, each energy transmission surface 319 having a 
respective corresponding size, with the respective corre 
sponding size associated with the second transducer 306 
having a different magnitude than the respective correspond 
ing size associated with the third transducer 306. Such may 
occur, for example in one particular embodiment, when the 
first transducer is transducer 306m, the second transducer is 
transducer 306l, and the third transducer is transducer 306m 
as shown in FIG. 3B. In this particular embodiment, a 
duration of the second time interval is greater than a duration 
of the first time interval when the selected at least two of the 
plurality of transducers 306 includes third transducer 306m 
whose energy transmission surface 319n has a smaller 
Surface area than the Surface area of the energy transmission 
surface 3191 associated with the second transducer 306l. 

In various embodiments, the first transducer 306 is spaced 
from the second transducer 306 by a first distance in the 
distribution, and the first transducer 306 is spaced from the 
third transducer 306 by a second distance in the distribution, 
the second distance being longer than the first distance. In 
Some of these various embodiments, a duration of the second 
time interval associated with a selection of the third trans 
ducer 306 is longer than a duration of the first time interval 
associated with a selection of the second transducer 306. 

In various embodiments, a first region of space that is 
associated with a physical part of the structure 308 of the 
transducer-based device 300 is located between the second 
transducer 306 and the first transducer 306 and a second 
region of space is that is not associated with any physical 
part of the structure 308 is located between the first trans 
ducer 306 and the third transducer 306. Such may occur, for 
example, when the first transducer is transducer 306b, the 
second transducer is transducer 306c and the third trans 
ducer is transducer 306a as shown in FIG. 3B. In this 
particular embodiment, a duration of the second time inter 
val is greater than the duration of the first time interval when 
the selected at least two of the plurality of transducers 306 
includes the third transducer (e.g., transducer 306a) which is 
spaced from the first transducer (e.g., transducer 306b) 
across the second region of space not associated with any 
physical part of structure 308. 

In some embodiments, each of at least one of the first time 
interval and the second time interval is a predetermined time 
interval. In various example embodiments, a sensing device 
system (e.g., sensing device system 325) detects a detectable 
attribute (e.g., temperature, a tissue or non-tissue electrical 
characteristic) at each of a plurality of locations, each of at 
least two of the plurality of locations at least proximate a 
respective one of the selected at least two of the plurality of 
transducers 306. In some of these various embodiments, 
method 1400 may include instructions (not shown) config 
ured to cause a determination of each of the at least one of 
the first and the second time intervals based at least on the 
detected attributes at each of at least some of the plurality of 
locations. Determination of any of the first and the second 
time intervals may be based at least on transducer data 
indicating data acquired by at least some of the plurality of 
transducers 306. For example, duration determination 
instructions (not shown) may be provided to cause determi 
nation of the duration of the first time interval, the second 
time interval, or both the first and the second time intervals 
based at least on a spatial relationship caused to be deter 
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mined based at least on the transducer data by positional 
determination instructions (not shown, but similar to the 
instructions of block 1304D). In some embodiments, the 
duration determination instructions may be provided to 
cause determination of the duration of the first time interval, 
the second time interval, or both the first and the second time 
intervals based at least on a determined proximity of each of 
at least Some of the plurality of transducers to an anatomical 
feature in a bodily cavity, the determined proximity caused 
to be determined based at least on the transducer data by 
proximity determination instructions (not shown but similar 
to the proximity determination instructions of block 1304E). 
In some embodiments, the duration determination instruc 
tions may be provided to cause determination of the duration 
of the first time interval, the second time interval, or both the 
first and the second time intervals based at least on a 
determined tissue characteristic caused to be determined 
based at least on the transducer data by tissue determination 
instructions (not shown but similar to the instructions of 
block 1304F). In some embodiments, the activation instruc 
tions of block 1406 are configured to cause activation of 
each of the at least two of the plurality of transducers 306 
during or after completion of the reception of the transducer 
data. In some embodiments, as discussed above, generation 
of a second sequence or second order in accordance with the 
generation instruction of block 809 may be based at least in 
part on various aspects of method 1400. 

In some embodiments, other forms of variances in the 
activation of a particular transducer may occur depending on 
which of at least two selectable sets of transducers the 
particular transducer forms part of. For example, FIG. 15B 
is an exploded diagram of the activation instructions pro 
vided by block 1406 according to various embodiments. In 
Some embodiments, the activation instructions provided by 
block 1406 may include a subset of the associated blocks or 
additional blocks than those shown in FIG.15B. The various 
embodiments associated with block 1406 in FIG. 15A may 
or may not include various aspects of instructions included 
in FIG. 15B, and accordingly block 1406 is herein referred 
to as block 1406A in FIG. 15B. Block 1406A includes 
various instructions that may be provided by instructions in 
a program by way of non-limiting example. 

In some particular embodiments, block 1406A includes 
energy delivery instructions configured to selectively cause 
energy from an energy source device system (e.g., energy 
source device system 340) to be delivered to each transducer 
of a selected pair of transducers 306 that includes the first 
transducer 306 and one of a second transducer 306 and a 
third transducer 306 selected as per block 1402. Again, each 
of the first, the second, and the third transducers 306 are 
different transducers 306. In various embodiments, each of 
the first transducer 306 and the second transducer 306 form 
a first pair of adjacent ones of the transducers 306 in the 
distribution, and each of the first transducer 306 and the third 
transducer 306 form a second pair of adjacent ones of the 
transducers 306 in the distribution. It is noted that other 
transducer-based devices employing other transducers may 
be employed in other embodiments associated with block 
1406A. In some embodiments, the energy delivered from the 
energy source device system is Sufficient for tissue ablation 
(e.g., bipolar tissue ablation). 

In various embodiments associated with block 1406A, a 
memory device system (e.g., memory device system 130, 
330) stores information associated with a respective set of 
one or more target temperatures for each of a number of the 
transducers 306 in the distribution of transducers 306 pro 
vided by transducer-based device 300 (e.g., at least the first 
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transducer 306 and the second transducer 306 or the third 
transducer 306 selected according to block 1402). In this 
regard, thermal sensing instructions provided by block 1409 
may be configured to cause reception of detected tempera 
ture information indicating respective temperatures detected 
by a sensing device system (e.g., sensing device system 325) 
at respective locations at least proximate each of at least 
some of the transducers 306 in a selected set of transducers 
306 (e.g., from block 1402). This detected temperature 
information can be for comparison with the target tempera 
tures, in some embodiments. 

For example, in various embodiments, the energy delivery 
instructions of block 1406A include adjustment instructions 
provided by block 1410A configured to cause the energy 
delivered to at least one transducer 306 of a selected pair of 
transducers 306 (e.g., from block 1402) to be adjusted based 
at least on a difference between a respective temperature 
detected by a sensing device system (e.g., sensing device 
system 325) at a respective location at least proximate the 
first transducer 306 of the selected pair of transducers 306 
and the respective target temperature associated with the 
first transducer 306. In some embodiments, the energy 
delivery instructions of block 1406A are configured to 
control the energy provided to the at least one transducer 306 
of the selected pair of transducers 306 to maintain the 
temperature detected by the sensing device system at the 
location at least proximate the first transducer 306 of the 
selected pair of transducers 306 at or near the respective 
target temperature associated with the first transducer 306 of 
the selected pair of transducers 306. In some embodiments, 
the at least one transducer 306 of the selected pair of 
transducers 306 includes the first transducer 306 of the 
selected pair, or the first transducer of the selected pair and 
either the second transducer 306 or the third transducer 306, 
whichever is selected according to block 1402. 

In some embodiments, the respective set of one or more 
target temperatures associated with the first transducer 306 
of the selected pair of transducers 306 includes a first target 
temperature and a second target temperature having a dif 
ferent value than the first target temperature. The first target 
temperature or the second target temperature may be utilized 
for energy delivery control depending upon what other 
transducer the first transducer 306 is paired with. For 
example, the first target temperature may be selected for 
energy delivery control when the first transducer 306 is 
paired with the second transducer 306. On the other hand, 
the second target temperature may be selected for energy 
delivery control when the first transducer 306 is paired with 
the third transducer 306. Such an arrangement may be 
beneficial for temperature control in circumstances where 
the second transducer 306 and the third transducer 306 have 
different characteristics, such as size, location, distance from 
the first transducer 306, relationship with respect to a bodily 
cavity, or whether a physical part of the transducer-based 
device (e.g., 300) or a region of space not associated with 
any physical part of the transducer-based device is between 
the respective transducer and the first transducer 306, et 
Cetera. 

In this regard, block 1406A may include first adjustment 
instructions provided by block 1410B, the first adjustment 
instructions configured to, when the selected pair of trans 
ducers 306 includes the second transducer 306, cause adjust 
ment of the energy delivered from the energy source device 
system to the first transducer 306, the second transducer 306, 
or both the first transducer 306 and the second transducer 
306 based at least on a difference between (a) the tempera 
ture detected by a sensing device system (e.g., sensing 
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device system 325) at a location at least proximate the first 
transducer 306 and (b) the first target temperature. On the 
other hand, block 1406A may include second adjustment 
instructions provided by block 1410C, the second adjust 
ment instructions configured to, when the selected pair of 
transducers 306 includes the third transducer 306, cause 
adjustment of the energy delivered from the energy source 
device system to the first transducer 306, the third transducer 
306 or both the first and the third transducers 306 based at 
least on a difference between (c) the temperature detected by 
the sensing device system at a location proximate the first 
transducer 306 and (d) the second target temperature. 

In some embodiments, the selected pair is considered a 
selected first pair of transducers 306, and the memory device 
system stores target temperature information associated with 
a respective target temperature for each transducer 306 of at 
least a second pair of transducers 306 in the distribution, at 
least one of the respective target temperatures associated 
with the transducers 306 of the second pair of transducers 
306 having a different value than each of the respective 
target temperatures associated with the transducers 306 of 
the first pair of transducers 306. In some embodiments, the 
respective target temperatures associated with the transduc 
ers 306 of the second pair of transducers 306 have different 
values. In some embodiments, each of the respective target 
temperatures associated with the transducers 306 of the 
second pair of transducers 306 has a different value than 
each of the respective target temperatures associated with 
the transducers 306 of the first pair of transducers 306. For 
example, different transducer characteristics (location, size, 
relationship with respect to another transducer or a bodily 
cavity, material or lack thereof between transducers) can 
lead to respectively different target temperatures. 

In some embodiments, the respective set of one more 
target temperatures associated with each of the number of 
transducers 306 in the distribution may be such that the 
memory device system stores target temperature information 
for each transducer 306 of a first pair of the transducers 306 
in the distribution, the respective target temperatures asso 
ciated with the transducers 306 of the first pair of transducers 
306 in the distribution having different values. In various 
embodiments, the first pair of transducers 306 is a first pair 
of adjacent ones of the transducers 306 in the distribution. 
For example, when the selected first pair of the transducers 
306 includes the first transducer 306 and the second trans 
ducer 306 described above, a value of a target temperature 
associated with the second transducer 306 may be different 
than a value of a target temperature associated with the first 
transducer 306. In some embodiments, a respective set of 
one or more target temperatures associated with the first 
transducer 306 may include only a single target temperature 
value. 

In a manner similar to at least some of the embodiments 
employing different activation time intervals, various factors 
may have a bearing on the use of different target tempera 
tures. For example, in some embodiments, different trans 
ducer-electrode energy transmission Surface sizes, shapes, or 
both cause differences in energy-delivery characteristics, 
which raise the need for different target temperatures. In this 
regard, in Some embodiments, each of the first, the second, 
and the third transducers 306 includes a respective electrode 
315 having an energy transmission surface 319, each energy 
transmission Surface having a respective corresponding size, 
with the respective corresponding size associated with the 
second transducer 306 having a different magnitude than the 
respective corresponding size associated with the third trans 
ducer 306. Also, in some embodiments, the energy trans 
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mission surface 319 may have a respective shape, the 
respective shape of the energy transmission surface 319 of 
the second transducer 306 being different than the respective 
shape of the energy transmission surface 319 of the third 
transducer 306. In various embodiments, a respective size or 
respective shape of the energy transmission surface 319 of 
at least one of the second transducer 306 and the third 
transducer 306 may be different than the respective corre 
sponding size or the respective shape of the first transducer 
306. Consequently, in some embodiments involving differ 
ent electrode sizes, shapes, or both sizes and shapes, differ 
ent target temperatures are associated with the respective 
transducer sets. 

For another example, in some embodiments, different 
transducer spacings, different types of material between 
transducers, or both cause differences in energy-delivery 
characteristics, which raise the need for different target 
temperatures. In this regard, in various embodiments, the 
first transducer 306 is spaced from the second transducer 
306 by a first distance in the distribution and the first 
transducer 306 is spaced from the third transducer 306 by a 
second distance in the distribution, the second distance 
being different than the first distance. In various embodi 
ments, a first region of space that is associated with a 
physical part of the structure 308 of the transducer-based 
device 300 is located between the second transducer 306 and 
the first transducer 306 and a second region of space is that 
is not associated with any physical part of the structure 308 
is located between the first transducer 306 and the third 
transducer 306. Consequently, in some embodiments involv 
ing different transducer spacings, different types of material 
between transducers, or both different transducer spacings 
and different types of material between transducers, different 
target temperatures are associated with the respective trans 
ducer sets. 

In some embodiments, a value of various ones of the 
target temperatures is predetermined. In various example 
embodiments, a sensing device system (e.g., sensing device 
system 325) detects a detectable attribute (e.g., temperature, 
a tissue or non-tissue electrical characteristic) at each of a 
plurality of locations, each of at least two of the plurality of 
locations at least proximate a respective transducer 306 of 
the selected pair of transducers 306 (e.g., selected according 
to block 1402). In some of these various embodiments, 
determination instructions (not shown) may be configured to 
cause a determination of a value of each of at least one of the 
first and the second target temperatures of the respective set 
of one or more target temperatures associated with the first 
transducer 306 based at least on the detected attribute at each 
of at least some of the plurality of locations. In some of these 
various embodiments, determination instructions (not 
shown) may be provided that may be configured to cause a 
determination of a value of each of at least one of the 
respective target temperatures associated with various trans 
ducers 306 based at least on the detected attribute at each of 
at least some of the plurality of locations. Determination of 
a particular target temperature may be based at least on 
transducer data indicating data acquired by at least some of 
the plurality of transducers 306. For example, target tem 
perature determination instructions (not shown) may be 
provided to cause determination of a value of the first target 
temperature, the second target temperature, or both the first 
and the second target temperatures of the respective set of 
one or more target temperatures associated with the first 
transducer 306 or any of the target temperatures associated 
with any other of the sets of one or more target temperatures 
based at least on a spatial relationship caused to be deter 
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mined based at least on the transducer data by positional 
determination instructions (not shown, but similar to the 
instructions of block 1304D). In some embodiments, the 
target temperatures determination instructions may be pro 
vided to cause determination of a value of a particular target 
temperature based at least on a determined proximity of each 
of at least some of the plurality of transducers 306 to an 
anatomical feature in a bodily cavity, the determined proX 
imity caused to be determined based at least on the trans 
ducer data by proximity determination instructions (not 
shown but similar to the proximity determination instruc 
tions of block 1304E). In some embodiments, determination 
instructions may be provided to cause determination of a 
value of a particular target temperature based at least on a 
determined tissue characteristic caused to be determined 
based at least on the transducer data by tissue determination 
instructions (not shown but similar to the instructions of 
block 1304F). In some embodiments, the energy delivery 
instructions of block 1406A are configured to cause activa 
tion of each of the selected transducers during or after 
completion of the reception of the transducer data. In various 
embodiments, different target temperatures may result in 
different activation time intervals. 

Returning for a moment to the above-discussions regard 
ing method 800 of FIG. 10, it was noted that, in some 
embodiments, generation of the above-discussed second 
sequence or second order in accordance with the generation 
instructions of block 809 may be based at least in part on 
various aspects of FIGS. 11-16 and any other embodiment in 
which a transducer-activation sequence is generated that 
might be different than a transducer-selection sequence 
(although the invention is not limited to these examples). 

In this regard, FIG. 16 illustrates another example of how 
a transducer-activation sequence could be generated from an 
analysis of transducers in a transducer-selection sequence, 
which can cause the activation sequence to be different than 
the selection sequence. It should be noted, however, that the 
embodiments of FIG.16 (as well as FIGS. 11-15B) need not 
exist only in this context of FIG. 10, but can stand indepen 
dently in their own context. 

Accordingly, FIG. 16 is a block diagram showing a 
method 1500 including instructions provided by various 
blocks (e.g., instructions provided in a program) for select 
ing and activating transducers in a transducer-based device 
according to various embodiments. In some embodiments, 
method 1500 may include a subset of the associated blocks 
or additional blocks than those shown in FIG. 16. Block 
1502 includes reception instructions configured to cause 
reception from an input-output device system (e.g., input 
output device system 120 or 320) of at least some of a 
plurality of transducers of a transducer-based device, the 
plurality of the transducers arranged in a distribution posi 
tionable in a bodily cavity. The selected at least some of the 
transducers define a continuous series of pairs of the trans 
ducers. The continuous series includes at least a first pair of 
the transducers, a second pair of the transducers and a third 
pair of the transducers. In some of these various embodi 
ments, at least the first pair of the transducers is arranged in 
the continuous series between the second and the third pairs 
of the transducers in the continuous series. In some of these 
various embodiments, each pair of the transducers in the 
continuous series has a same transducer as another pair in 
the continuous series. For example, in an embodiment 
associated with FIG. 5F, the selected between graphical 
elements 504 identified by corresponding pairs of identifi 
cation labels: “R:6-Q:6”, “Q:6-P:6”, “P:6-P:7”, “P:7-O:7, 
“O:7-O:8”, “O:8-O:9”, “O:9-P:9”, “P:9-P:10”, “P:10-Q:10, 
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“Q:10-R:10, “R:10-R:9", “R:9-S:9”, “S:9-S:8”, “S:8-S:7, 
“S:7-R:7 and “R:7-R:6 are associated with a continuous 
series of selected pairs of transducers (e.g., transducers 306 
of transducer based-device 300), each pair of the transducers 
in the continuous series having a same transducer as another 
pair of the transducers in the continuous series. In this 
embodiment, a visual characteristic of each selected 
between graphical element 504 changes upon selection of 
the between graphical element. In this example embodiment, 
the respective transducers of at least one of the pairs of 
transducers are located on a same elongate member of a 
structure of the transducer-based device (e.g., structure 308) 
and the respective transducers of at least another of the pairs 
of the transducers are located on different elongate members 
of the structure. In this example embodiment, a region of 
space is between two transducers of the selected at least 
some of the plurality of transducers in the distribution, the 
two transducers defining one of the pairs of the transducers 
in the continuous series, the region of space not associated 
with any physical part of the transducer-based device. In 
Some embodiments, each pair of the transducers in the 
continuous series is arranged in the continuous series 
between a respective two adjacent pairs of the transducers in 
the continuous series. In some embodiments, each pair of the 
transducers in the continuous series has a same transducer as 
an adjacent pair of the transducers in the continuous series. 
In some embodiments, each pair of the transducers in the 
continuous series is associated with a different respective set 
of two pairs of the transducers in the continuous series, each 
of the transducers in each pair of the transducers in the 
continuous series included in a different pair of the respec 
tive set of two pairs of the transducers in the continuous 
series. In some embodiments, each pair of the transducers in 
the continuous series is positioned in the continuous series 
between the two pairs of the transducers of the respective set 
of two pairs of the transducers in the continuous series. In 
Some example embodiments, the pairs of the transducers in 
the continuous series are arranged one after another in 
spatial Succession in the distribution. In other embodiments, 
other forms of visual representations (e.g., tabular or ordered 
representations) may be employed to provide an operator 
with information representing, or associated with, the con 
tinuous series of the pair of the transducers. In some 
embodiments, the continuous series is an ordered list of the 
pairs of the transducers, the ordered list stored by a memory 
device system (e.g., memory device system 130, 330). In 
this regard, in Some embodiments, the continuous series 
need not be a spatially-continuous series of adjacent trans 
ducers like that shown in FIG. 5F, but could be another 
ordered representation of transducers, such as an ordered list 
stored by a memory device system. 

Block 1506 includes activation instructions configured to, 
in response to receiving at least part of the selection (e.g., a 
sufficient number of the selected at least some of the 
plurality of transducers (selected, e.g., according to block 
1502) to define at least some pairs of the transducers), cause 
activation of the transducers of each pair of the transducers 
in the continuous series according to a sequence, the acti 
Vation including activating the transducers of the first pair of 
the transducers after activating at least the transducers of the 
second pair of the transducers and the third pair of the 
transducers according to the sequence. For example, as 
compared between FIGS. 5G and 5H, the activation instruc 
tions associated with block 810 may in one embodiment 
include aspects of the activation instructions of block 1506 
that in response to at least part of a selection of various 
transducers that define the continuous series of pairs of the 
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transducers, cause activation of the transducers of each pair 
of the transducers in the continuous series according to a 
sequence in which the activation includes activating the 
transducers of a first pair of the transducers (e.g., the pair of 
transducers associated with the between graphical element 
504 identified as “S:7-R:7) after activating at least the 
transducers of a second pair of the transducers (e.g., the pair 
of the transducers associated with the between graphical 
element 504 identified as “R:6-Q:6') and a third pair of the 
transducers (e.g., the pair of the transducers associated with 
the between graphical element 504 identified as “P:10-Q: 
10) according to the sequence, each of the first, the second 
and the third pairs forming at least part of the defined pairs. 

In this example embodiment, the continuous series is 
associated with a desired ablation path and the first pair of 
the transducers is spatially arranged in the continuous series 
between the second and the third pairs of the transducers in 
the continuous series. In this example embodiment, the first 
pair of the transducers (e.g., the pair of the transducers 
associated with the between graphical element 504 identified 
as “S:7-R:7) has different transducers than each of the 
second pair of the transducers (e.g., the pair of transducers 
associated with the between graphical element 504 identified 
as “R:6-Q:6') and the third pair of the transducers (e.g., a 
pair of the transducers associated with the between graphical 
element 504 identified as “P:10-Q:10'). In some embodi 
ments, the first pair of the transducers has different trans 
ducers than the second pair of the transducers, the third pair 
of the transducers, or both the second and the third pairs of 
the transducers. In some example embodiments, the 
sequence is predetermined. 

In some embodiments, at least part of the activating of (a) 
the second pair of the transducers (e.g., the pair of the 
transducers associated with the between graphical element 
504 identified as “R:6-Q:6”), (b) the third pair of the 
transducers (e.g., the pair of the transducers associated with 
the between graphical element 504 identified as “P:10-Q: 
10'), or both (a) and (b) does not occur during the activating 
of the first pair of the transducers (e.g., the pair of the 
transducers associated with the between graphical element 
504 identified as “S:7-R:7). In some embodiments, the 
activating of the first pair of the transducers (e.g., the pair of 
the transducers associated with the between graphical ele 
ment 504 identified as “S:7-R:7) occurs after completing 
the activation of (c) the second pair of the transducers (e.g., 
a pair of transducers associated with the between graphical 
element 504 identified as “R:6-Q:6”), (d) the third pair of the 
transducers (e.g., a pair of transducers associated with the 
between graphical element 504 identified as “P:10-Q:10), 
or both (c) and (d) as shown in FIG. 5H. In this example 
embodiment, a completion of the activating of (c), (d), or 
both (c) and (d) is a completion of an ablation of tissue 
between the respective pair or pairs of the transducers in the 
continuous series. In this example embodiment, the trans 
ducers of the pairs of the transducers are arranged to form a 
continuous lesion upon completion of activation of the 
transducers of the pairs of the transducers. In this embodi 
ment, activating of the pairs of the transducers causes energy 
from an energy source device system (e.g., energy source 
device system 340) to each of the transducers in each pair of 
the transducers to form a series of ablated regions in a tissue 
wall of the bodily cavity in which the transducers are 
positioned. Each of the ablated regions is positioned one 
after the other in spatial succession and each of the ablated 
regions corresponds to one of the plurality of the pairs of the 
transducers. In this embodiment, each pair of the transducers 
is an adjacent pair of the transducers in the distribution. Each 
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pair of the transducers is activated in a sequence that causes 
at least one of the ablated regions in the series of ablated 
regions to be formed in a region of the tissue wall that has 
not been previously ablated, the region in the tissue wall that 
has not been previously ablated being positioned between at 
least two previously formed ones of the ablated regions in 
the series of ablated regions. In this embodiment, at least one 
of the ablated regions in the series of ablated regions is 
spatially separated from at least one of the at least two 
previously formed ones of the ablated regions in the series 
of the ablated regions. In this embodiment, each of the 
ablated regions in the series of ablated regions is positioned 
one after the other in spatial Succession to form a continuous 
ablated region. In this example embodiment, each of the 
ablated regions in the series of ablated regions is adjacently 
positioned in the series between a respective pair of the 
ablated regions in the series of the ablated regions. In some 
embodiments, ablation of the tissue is bipolar ablation. In 
Some embodiments, ablation of the tissue is monopolar 
ablation. In some embodiments, the activation of the trans 
ducers of each pair of the transducers in the continuous 
series includes bipolar activation between the transducers of 
each pair of the transducers in the continuous series. In some 
embodiments, the activation of the transducers of each pair 
of the transducers in the continuous series includes monopo 
lar activation of the transducers of each pair of the trans 
ducers in the continuous series. 

In some embodiments, the input-output device system 
includes a sensing device system (e.g., sensing device sys 
tem 325) arranged to detect at least one tissue characteristic 
(e.g., a tissue impedance characteristic) at respective loca 
tions at least proximate each of the selected at least some of 
the plurality of transducers with the energy delivered to each 
of the selected at least some of the plurality of transducers 
(e.g., in Some embodiments, tissue impedance may be 
measured between transducers on the structure 308 or 
between a transducer on the structure 308 and the indifferent 
electrode 326). In some embodiments, the activating of the 
first pair of the transducers (e.g., the pair of the transducers 
associated with the between graphical element 504 identified 
as “S:7-R:7) occurs after expiry of a time interval, the time 
interval commencing after completing: (a) the activating the 
transducers of the second pair (e.g., a pair of the transducers 
associated with the between graphical element 504 identified 
as “R:6-Q:6”), (b) the transducers of the third pair (e.g., a 
pair of the transducers associated with the between graphical 
element 504 identified as “P:10-Q:10'), or both (a) and (b). 
In some embodiments, the time interval is a predetermined 
time interval. In some embodiments, the input-output device 
system includes a sensing device system and instructions 
(e.g., instructions provided in a program) configured to 
cause the sensing device system to detect a detectable 
attribute (e.g., temperature, an electrical characteristic, a 
tissue electrical characteristic) at each of one or more 
locations, each of the one or more locations at least proxi 
mate to a respective one of one or more of the transducers 
in the distribution. Instructions (not shown) may be provided 
to cause the data processing device system (e.g., data 
processing device system 110 or 310) to determine at least 
an end of the time interval based at least on the detected 
attribute. The use of a time interval in various embodiments 
may be motivated by various factors. For example, a time 
interval sufficient to allow for a cool down period may be 
employed. 

In some embodiments, each of the second and the third 
pairs of the transducers are activated concurrently as exem 
plified by the respective pairs of the transducers associated 
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with the between graphical element 504 identified as “R:6- 
Q:6' and the between graphical element 504 identified as 
“P:10-Q:10” in FIG.5G. In some embodiments, the activa 
tion instructions include instructions configured to, in 
response to receiving at least part of the selection, cause a 
starting of the activating of at least one transducer of the 
second pair of the transducers to occur at a different time 
than a starting of the activating of at least one transducer of 
the third pair of the transducers. In some embodiments, the 
activation instructions include instructions configured, in 
response to receiving at least part of the selection, cause a 
completion of the activating of at least one transducer of the 
second pair of the transducers to occur at a different time 
than a completion of the activating of at least one transducer 
of the third pair of the transducers. In some example 
embodiments, the activation instructions include instruc 
tions configured to, in response to receiving at least part of 
the selection, cause the activating of the transducers of the 
second pair to occur for a different duration than the acti 
vating of the transducers of the third pair. 
We now turn to embodiments that vary visual character 

istics of graphical elements during transducer activation 
processes. For example, the activation instructions as per 
block 811 in method 800 in FIG. 10, can include activation 
instructions configured to, in response to receiving at least 
part of a selection of various between graphical elements 
504 associated with each of a plurality of transducer sets 
selected according to a first sequence, cause, via the input 
output device system, energy from an energy source device 
system (e.g., energy source device system 340) to be deliv 
ered to each of the transducer sets according to a second 
sequence different than the first sequence. In some embodi 
ments, during this energy delivery process, visual charac 
teristics of the selected between graphical elements 504 can 
be varied to illustrate to a user a status of the energy delivery 
process. It should be noted, however, that the variances of 
visual characteristics described herein need not apply only to 
the method 800 or to the selection of between graphical 
elements 504, but can also apply to any activation process 
and to any graphical element according to the various 
embodiments described herein. The method of 800 and 
between graphical elements 504 are only used for illustra 
tion purposes. 

In this regard, FIGS. 5G and 5H, show example sequential 
variances in visual characteristics of respective ones of the 
between graphical elements 504 associated with at least 
Some of the transducers sets as they are activated according 
to the second sequence. Changes in the visual characteristics 
are highlighted in accordance with a KEY provided in each 
of FIGS. 5G, 5H and SI. It is understood that the KEY is 
provided for illustrative purposes and does not form part of 
the graphical representation in this example embodiment. As 
discussed above, variances in visual characteristics may 
include changing a color, opacity, hue, intensity, shading, 
pattern, shape or the addition or removal of any displayed 
information. 

FIG. 5G is associated with a condition in which energy is 
being delivered (e.g., according to the second sequence) to 
the respective transducer set associated with the first 
between graphical element 504a (e.g., previously identified 
as “R:6-Q:6' and to the respective transducer set associated 
with another between graphical element 504 (e.g., previ 
ously identified as “P:10-Q:10) while energy is not deliv 
ered to the respective transducer sets associated with the 
remaining ones of the selected between graphical elements 
504. It is noted that the energy delivered to the transducer set 
associated with the between graphical element 504 previ 
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ously identified as “P:10-Q:10 is not delivered according to 
the sequence it was selected with respect to the other of the 
transducer sets. It is noted that the respective electrograms 
535 associated with the respective transducers of at least 
some of the transducer sets to which energy is delivered 
(e.g., the transducer set associated with the between graphi 
cal element 504 previously identified as “P:10-Q:10') are 
repositioned in the graphical representation for enhanced 
viewing during the energy delivery (e.g., as best compared 
between FIGS. 5F and 5G). 
FIG.5H is associated with a condition in which the energy 

delivery has been completed to respective transducer sets 
associated with each of the between graphical elements 504 
previously identified as “R:6-Q:6” and “P:10-Q:10". FIG. 
5H is associated with a condition in which energy is being 
delivered to the respective transducer sets associated with 
the between graphical elements 504 previously identified as 
“R:9-S:9” and “S:7-R:7” while energy is not delivered to the 
other respective transducer sets that have not yet received 
energy or the other respective transducer sets in which the 
energy delivery has been completed. Again, it is noted that 
the energy delivered to the transducer sets associated with 
the between graphical elements 504 previously identified as 
“R:9-S:9” and “S:7-R:7 is not delivered according to the 
first sequence in which these transducer sets were selected 
with respect to the others of the group of transducer sets. In 
this example embodiment, the energy delivery process 
according to the remainder of the second sequence contin 
ues, until energy has been delivered to all of the remaining 
selected transducer sets as exemplified in FIG.5I. It is noted 
that for brevity of illustration, energy delivery to every one 
of the selected remaining transducer sets in accordance with 
the remainder of the second sequence has not been shown. 

In this example embodiment, the activation instructions of 
blocks 810, 811 cause the transmission of energy-delivery 
instructions (not shown) to cause energy from the energy 
source device system to be delivered to each of the respec 
tive first transducer and second transducer of the corre 
sponding transducer set associated with each of the selected 
between graphical elements 504. FIG. 8 includes a block 
818 that includes determination instructions (e.g., instruc 
tions provided by a program) configured to determine an 
energy-delivery status associated with at least one of the 
respective first transducer and the respective second trans 
ducer associated with each of the selected between graphical 
elements 504, the energy delivery status indicating a status 
of the energy delivery by the energy source device system to 
the at least one of the respective first transducer and the 
respective second transducer. In some embodiments, the 
energy delivery status includes a status of a portion of the 
energy delivered by the energy source device system to the 
at least one of the respective first transducer and the respec 
tive second transducer, the portion of the energy transmitted 
by the at least one of the respective first transducer and the 
respective second transducer. FIG. 8 includes a block 820 
that includes energy delivery indication instructions config 
ured to cause the input-output device system to change a 
displayed visual characteristic of a selected between graphi 
cal element 504 based at least on the determined energy 
status of the at least one of the respective first transducer and 
the respective second transducer. For example, referring to 
FIG. 5G, the energy delivery status associated with the at 
least one of the respective first and the respective second 
transducers associated with the selected between graphical 
element 504a previously identified as “R:6-Q:6' includes a 
during-energy delivery status associated with a state during 
the energy delivery by the energy source device system to 
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the at least one of the first transducer and the second 
transducer associated with the selected between graphical 
element 504a previously identified as “R:6 -Q:6”. The 
energy delivery status associated with the at least one of the 
respective first and second transducers associated with the 
selected between graphical element 504 previously identi 
fied as “S:7-R:7 includes a pre-energy-delivery status asso 
ciated with a state before a start of energy delivery by the 
energy source device system to the at least one of the first 
transducer and the second transducer associated with the 
selected between graphical element 504 previously identi 
fied as “S:7-R:7”. As shown in FIG. 5G, a first displayed 
visual characteristic of the between graphical elements 504 
is associated with the pre-energy-delivery status (e.g., the 
selected between graphical element 504 previously identi 
fied as “S:7 -R:7) and a second displayed visual charac 
teristic of the between graphical elements 504 is associated 
with the during-energy-delivery status (e.g., the selected 
between graphical element 504 previously identified as 
“R:6-Q:6”), the second displayed visual characteristic being 
different than the first displayed visual characteristic. Dif 
ferences in the displayed visual characteristics may include 
different colors, opacities, hues, intensity, shading, patterns, 
shapes or any Suitable addition or removal of any displayed 
information sufficient for characterizing the difference. In 
Some embodiments, the first displayed visual characteristic 
of a between graphical element 504 associated with the 
pre-energy delivery status is different than a visual charac 
teristic of the between graphical element 504 resulting upon 
a selection of the between graphical element 504 (e.g., as per 
block 812). In this embodiment, the first displayed visual 
characteristic of a between graphical element 504 associated 
with the pre-energy delivery status is the same as a visual 
characteristic of the between graphical element 504 resulting 
upon a selection of the between graphical element 504. It is 
noted that in this example embodiment that the between 
graphical element 504a previously identified as “R:6-Q:6' 
included the first displayed visual characteristic prior to 
energy delivery to the corresponding ones of the transducers. 

In FIG. 5H, the energy delivery status associated with the 
at least one of the first transducer and the second transducer 
associated with the between graphical element 504a previ 
ously identified as “R:6-Q:6' includes a post-energy-deliv 
ery status associated with a state after a completion of the 
energy delivery from the energy source device system to the 
at least one of the first transducer and the second transducer 
associated with the between graphical element 504a previ 
ously identified as “R:6-Q:6'. In FIG. 5H, a pre-energy 
delivery status is associated with at least some of the 
between graphical elements (e.g., the between graphical 
element 504 previously identified as “P:7-O:7) and a dur 
ing-energy-delivery status is associated with at least some of 
the between graphical elements (e.g., the between graphical 
element 504 previously identified as “S:7-R:7). In this 
example embodiment, a third displayed visual characteristic 
of the between graphical elements 504 associated with the 
post-energy delivery-state (e.g., the between graphical ele 
ment 504a previously identified as “R:6-Q:6') is different 
than at least one (e.g., both in this example embodiment) of 
the first displayed visual characteristic of the between 
graphical elements 504 associated with the pre-energy deliv 
ery-state (e.g., the between graphical element 504 previ 
ously identified as “P:7 -O:7) and the second displayed 
visual characteristic of the between graphical elements 504 
associated with the during-energy delivery-state (e.g., the 
between graphical element 504 previously identified as 
“S:7-R:7). In FIG.5I all of the selected between graphical 
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elements 504 are shown with the third displayed visual 
characteristic, indicating that completion of the energy 
delivery to their respective transducer sets has occurred. In 
this example embodiment, the displayed visual characteris 
tics of at least Some of the respective transducer graphical 
elements 502 associated with the respective first and the 
second transducers associated with each selected between 
graphical elements undergo changes in accordance with 
changes in the energy delivery state. The displayed visual 
characteristics associated with the various energy-delivery 
states are depicted in accordance with the KEY provided in 
each of FIGS. 5G, 5H and 5I. 

While some of the embodiments disclosed above are 
described with examples of cardiac mapping, the same or 
similar embodiments may be used for mapping other bodily 
organs, for example gastric mapping, bladder mapping, 
arterial mapping and mapping of any lumen or cavity into 
which the devices of the present invention may be intro 
duced. 

While some of the embodiments disclosed above are 
described with examples of cardiac ablation, the same or 
similar embodiments may be used for ablating other bodily 
organs or any lumen or cavity into which the devices of the 
present invention may be introduced. 

Subsets or combinations of various embodiments 
described above can provide further embodiments. 

These and other changes can be made to the invention in 
light of the above-detailed description. In general, in the 
following claims, the terms used should not be construed to 
limit the invention to the specific embodiments disclosed in 
the specification and the claims, but should be construed to 
include other transducer-based device systems including all 
medical treatment device systems and all medical diagnostic 
device systems in accordance with the claims. Accordingly, 
the invention is not limited by the disclosure, but instead its 
scope is to be determined entirely by the following claims. 

What is claimed is: 
1. A transducer-activation system comprising: 
a data processing device system; 
an input-output device system communicatively con 

nected to the data processing device system; and 
a memory device system communicatively connected to 

the data processing device system and storing a pro 
gram executable by the data processing device system, 
the program comprising: 

reception instructions configured to cause reception of a 
Selection from the input-output device system of an 
ablation path along which tissue of a bodily cavity is to 
be ablated by transducers of a catheter device, the 
Selection including an indication of a first order of 
transducer sets along the selected ablation path, and 
each of the transducer sets in the first order comprising 
at least one of the transducers of the catheter device; 

generation instructions configured to, in response to 
receiving at least part of the selection, cause generation 
of a second order of transducer sets different than the 
first order based at least on an analysis of the transducer 
sets in the first order, the transducer sets in the second 
order comprising transducers in the first order, and 

activation instructions configured to cause ablation, ini 
tiated during or after completion of the generation of 
the second order according to the generation instruc 
tions, of the selected ablation path at least by ablation 
activating transducers in the second order according to 
the second order with at least two of the transducer sets 
in the second order activated sequentially, each of at 
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least one transducer set in the second order comprising 
two or more of the ablation-activating transducers. 

2. The transducer-activation system of claim 1 wherein 
two or more of the transducer sets in the first order are 
sequentially selected. 

3. The transducer-activation system of claim 1 wherein 
each of at least some of the transducer sets in the first order 
comprises two or more of the transducers of the catheter 
device. 

4. The transducer-activation system of claim 3 wherein 
each of the at least some of the transducer sets in the first 
order comprises at least one different transducer than each of 
the other transducer sets in the first order. 

5. The transducer-activation system of claim 1 wherein 
the input-output device system comprises the catheter 
device, and wherein the transducers of the catheter device 
are arranged in a distribution and each of at least some of the 
transducer sets in the first order comprises a respective pair 
of adjacent ones of the transducers in the distribution. 

6. The transducer-activation system of claim 5 wherein 
the respective pair of adjacent ones of the transducers of 
each of the at least some of the transducer sets in the first 
order has a same transducer as the respective pair of adjacent 
ones of the transducers of another of the at least some of the 
transducer sets in the first order. 

7. The transducer-activation system of claim 1 wherein 
the transducer sets in the second order include all of the 
transducers in the transducer sets in the first order. 

8. The transducer-activation system of claim 1 wherein 
the transducer sets in the second order collectively comprise 
only transducers in the first order. 

9. The transducer-activation system of claim 1 wherein 
the ablation-activating transducers in the second order do 
not include any transducers not present in the first order. 

10. The transducer-activation system of claim 1 wherein 
the ablation-activating transducers in the second order 
include all of the transducers in the first order. 

11. The transducer-activation system of claim 1 wherein 
the program further comprises display instructions config 
ured to cause the input-output device system to display a 
graphical representation of at least a portion of the catheter 
device, the graphical representation comprising a first trans 
ducer graphical element, a second transducer graphical 
element, and a between graphical element, the first trans 
ducer graphical element associated with a first transducer of 
the plurality of transducers of the catheter device, the second 
transducer graphical element associated with a second trans 
ducer of the plurality of transducers of the catheter device 
different than and spaced apart from the first transducer, and 
the between graphical element associated with a region of 
space between the first transducer and the second transducer, 
the region of space not including any transducer, 

wherein the selection indicates at least a selection of (a) 
the first transducer graphical element, (b) the second 
transducer graphical element, (c) the between graphical 
element, or a combination or Sub-combination of (a), 
(b), and (c) as at least part of the selecting of the 
transducer sets in the first order. 

12. The transducer-activation system of claim 11 wherein 
the region of space is not associated with any physical part 
of the catheter device. 

13. The transducer-activation system of claim 1 wherein 
the one transducer set in the second order comprises a first 
ablation-activating transducer of the ablation-activating 
transducers and comprises a second ablation-activating 
transducer of the ablation-activating transducers, and 
wherein, as part of the causing ablation, the activation 
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instructions are configured to cause ablation-activation of 
the first ablation-activating transducer and the second abla 
tion-activating transducer concurrently. 

14. The transducer-activation system of claim 13 wherein 
the input-output device system comprises the catheter 
device, wherein the transducers of the catheter device are 
arranged in a distribution, and wherein the first ablation 
activating transducer and the second ablation-activating 
transducer are a pair of adjacent ones of the transducers in 
the distribution. 

15. The transducer-activation system of claim 13 wherein 
the input-output device system comprises the catheter 
device, wherein the transducers of the catheter device are 
arranged in a distribution, and wherein the first ablation 
activating transducer and the second ablation-activating 
transducer are a pair of non-adjacent ones of the transducers 
in the distribution. 

16. The transducer-activation system of claim 13 wherein 
the ablation-activating transducers are distributed along the 
ablation path, and wherein the first ablation-activating trans 
ducer and the second ablation-activating transducer are a 
pair of the ablation-activating transducers adjacently posi 
tioned along the ablation path. 

17. The transducer-activation system of claim 13 wherein 
the ablation-activating transducers are distributed along the 
ablation path, and wherein the first ablation-activating trans 
ducer and the second ablation-activating transducer are a 
pair of the ablation-activating transducers non-adjacently 
positioned along the ablation path. 

18. The transducer-activation system of claim 1 wherein 
the ablation path Surrounds a tissue region that is not 
selected for ablation. 

19. The transducer-activation system of claim 1 wherein 
a wall of the bodily cavity is interrupted by at least one port 
in fluid communication with the bodily cavity, and the 
ablation path Surrounds the at least one port. 

20. The transducer-activation system of claim 1 wherein 
the ablation path is a contiguous path along which the tissue 
of the bodily cavity is to be ablated by the ablation 
activating transducers. 

21. The transducer-activation system of claim 1 wherein 
at least one particular one of the transducer sets in the first 
order comprises two or more of the transducers of the 
catheter device, and wherein the selection indicates that the 
two or more transducers are concurrently selected. 

22. The transducer-activation system of claim 1 wherein 
each of a first transducer set in the second order and a second 
transducer set in the second order comprises at least two of 
the ablation-activating transducers, and wherein the first 
transducer set in the second order has a same ablation 
activation transducer as the second transducer set in the 
second order. 

23. The transducer-activation system of claim 1 wherein 
a first transducer set of the two of the transducer sets in the 
second order activated sequentially includes a same abla 
tion-activation transducer as a second transducer set of the 
two of the transducer sets in the second order activated 
sequentially. 

24. A transducer-activation system comprising: 
a data processing device system; 
an input-output device system communicatively con 

nected to the data processing device system; and 
a memory device system communicatively connected to 

the data processing device system and storing a pro 
gram executable by the data processing device system, 

wherein the data processing device system is configured 
by the program at least to: 
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receive a selection from the input-output device system of 
an ablation path along which tissue of a bodily cavity 
is to be ablated by transducers of a catheter device, the 
Selection including an indication of a first order of 
transducer sets along the selected ablation path, and 
each of the transducer sets in the first order comprising 
at least one of the transducers of the catheter device; 

generate, in response to receiving at least part of the 
selection, a second order of transducer sets different 
than the first order based at least on an analysis of the 
transducer sets in the first order, the transducer sets in 
the second order comprising transducers in the first 
order; and 

cause ablation, initiated during or after completion of the 
generation of the second order, of the selected ablation 
path at least by ablation-activating transducers in the 
second order according to the second order with at least 
two of the transducer sets in the second order activated 
sequentially, each of at least one transducer set in the 
second order comprising two or more of the ablation 
activating transducers. 

25. The transducer-activation system of claim 24 wherein 
the one transducer set in the second order comprises a first 
ablation-activating transducer of the ablation-activating 
transducers and comprises a second ablation-activating 
transducer of the ablation-activating transducers, and 
wherein, as part of the causing ablation, the data processing 
device system is configured by the program at least to cause 
ablation-activation of the first ablation-activating transducer 
and the second ablation-activating transducer concurrently. 

26. The transducer-activation system of claim 25 wherein 
the ablation-activating transducers are distributed along the 
ablation path, and wherein the first ablation-activating trans 
ducer and the second ablation-activating transducer are a 
pair of the ablation-activating transducers adjacently posi 
tioned along the ablation path. 

27. The transducer-activation system of claim 25 wherein 
the ablation-activating transducers are distributed along the 
ablation path, and wherein the first ablation-activating trans 
ducer and the second ablation-activating transducer are a 
pair of the ablation-activating transducers non-adjacently 
positioned along the ablation path. 

28. The transducer-activation system of claim 24 wherein 
at least one particular one of the transducer sets in the first 
order comprises two or more of the transducers of the 
catheter device, and wherein the selection indicates that the 
two or more transducers are concurrently selected. 

29. The transducer-activation system of claim 24 wherein 
each of a first transducer set in the second order and a second 
transducer set in the second order comprises at least two of 
the ablation-activating transducers, and wherein the first 
transducer set in the second order has a same ablation 
activation transducer as the second transducer set in the 
second order. 

30. The transducer-activation system of claim 24 wherein 
a first transducer set of the two of the transducer sets in the 
second order activated sequentially includes a same abla 
tion-activation transducer as a second transducer set of the 
two of the transducer sets in the second order activated 
sequentially. 

31. A transducer-activation method executed by a data 
processing device system according to a program stored by 
a memory device system communicatively connected to the 
data processing device system, the data processing device 
system further communicatively connected to an input 
output device system, and the method comprising: 
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receiving a selection from the input-output device system 

of an ablation path along which tissue of a bodily cavity 
is to be ablated by transducers of a catheter device, the 
Selection including an indication of a first order of 
transducer sets along the selected ablation path, and 
each of the transducer sets in the first order comprising 
at least one of the transducers of the catheter device; 

generating, in response to receiving at least part of the 
selection, a second order of transducer sets different 
than the first order based at least on an analysis of the 
transducer sets in the first order, the transducer sets in 
the second order comprising transducers in the first 
order; and 

causing ablation, initiated during or after completion of 
the generation of the second order, of the selected 
ablation path at least by ablation-activating transducers 
in the second order according to the second order with 
at least two of the transducer sets in the second order 
activated sequentially, each of at least one transducer 
set in the second order comprising two or more of the 
ablation-activating transducers. 

32. The transducer-activation method of claim 31 wherein 
the one transducer set in the second order comprises a first 
ablation-activating transducer of the ablation-activating 
transducers and comprises a second ablation-activating 
transducer of the ablation-activating transducers, and 
wherein, as part of the causing ablation, the first ablation 
activating transducer and the second ablation-activating 
transducer are concurrently ablation-activated. 

33. The transducer-activation method of claim 32 wherein 
the ablation-activating transducers are distributed along the 
ablation path, and wherein the first ablation-activating trans 
ducer and the second ablation-activating transducer are a 
pair of the ablation-activating transducers adjacently posi 
tioned along the ablation path. 

34. The transducer-activation method of claim 32 wherein 
the ablation-activating transducers are distributed along the 
ablation path, and wherein the first ablation-activating trans 
ducer and the second ablation-activating transducer are a 
pair of the ablation-activating transducers non-adjacently 
positioned along the ablation path. 

35. The transducer-activation method of claim 31 wherein 
at least one particular one of the transducer sets in the first 
order comprises two or more of the transducers of the 
catheter device, and wherein the selection indicates that the 
two or more transducers are concurrently selected. 

36. The transducer-activation method of claim 31 wherein 
each of a first transducer set in the second order and a second 
transducer set in the second order comprises at least two of 
the ablation-activating transducers, and wherein the first 
transducer set in the second order has a same ablation 
activation transducer as the second transducer set in the 
second order. 

37. The transducer-activation method of claim 31 wherein 
a first transducer set of the two of the transducer sets in the 
second order activated sequentially includes a same abla 
tion-activation transducer as a second transducer set of the 
two of the transducer sets in the second order activated 
sequentially. 

38. A non-transitory computer-readable storage medium 
system comprising one or more non-transitory computer 
readable storage mediums storing a program executable by 
one or more data processing devices of a data processing 
device system communicatively connected to an input 
output device system, the program comprising: 

a reception module configured to cause reception of a 
Selection from the input-output device system of an 
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ablation path along which tissue of a bodily cavity is to 
be ablated by transducers of a catheter device, the 
selection including an indication of a first order of 
transducer sets along the selected ablation path, and 
each of the transducer sets in the first order comprising 
at least one of the transducers of the catheter device: 

a generation module configured to, in response to receiv 
ing at least part of the selection, cause generation of a 
second order of transducer sets different than the first 
order based at least on an analysis of the transducer sets 
in the first order, the transducer sets in the second order 
comprising transducers in the first order; and 

an activation module configured to cause ablation, initi 
ated during or after completion of the generation of the 
Second order according to the generation instructions, 
of the selected ablation path at least by ablation 
activating transducers in the second order according to 
the second order with at least two of the transducer sets 
in the second order activated sequentially, each of at 
least one transducer set in the second order comprising 
two or more of the ablation-activating transducers. 

39. The non-transitory computer-readable storage 
medium system of claim 38 wherein the one transducer set 
in the second order comprises a first ablation-activating 
transducer of the ablation-activating transducers and com 
prises a second ablation-activating transducer of the abla 
tion-activating transducers, and wherein, as part of the 
causing ablation, the activation module is configured to 
cause ablation-activation of the first ablation-activating 
transducer and the second ablation-activating transducer 
concurrently. 

40. The non-transitory computer-readable storage 
medium system of claim 39 wherein the ablation-activating 

10 

15 

25 

30 

132 
transducers are distributed along the ablation path, and 
wherein the first ablation-activating transducer and the sec 
ond ablation-activating transducer are a pair of the ablation 
activating transducers adjacently positioned along the abla 
tion path. 

41. The non-transitory computer-readable storage 
medium system of claim 39 wherein the ablation-activating 
transducers are distributed along the ablation path, and 
wherein the first ablation-activating transducer and the sec 
ond ablation-activating transducer are a pair of the ablation 
activating transducers non-adjacently positioned along the 
ablation path. 

42. The non-transitory computer-readable storage 
medium system of claim 38 wherein at least one particular 
one of the transducer sets in the first order comprises two or 
more of the transducers of the catheter device, and wherein 
the selection indicates that the two or more transducers are 
concurrently selected. 

43. The non-transitory computer-readable storage 
medium system of claim 38 wherein each of a first trans 
ducer set in the second order and a second transducer set in 
the second order comprises at least two of the ablation 
activating transducers, and wherein the first transducer set in 
the second order has a same ablation-activation transducer 
as the second transducer set in the second order. 

44. The non-transitory computer-readable storage 
medium system of claim 38 wherein a first transducer set of 
the two of the transducer sets in the second order activated 
sequentially includes a same ablation-activation transducer 
as a second transducer set of the two of the transducer sets 
in the second order activated sequentially. 


